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INTRODUCTION. 



At a time when the minds of engineers were ripe for the diaous- 
sion of Technical Education, it needed but a presentation of the 
case before some prominent association of engineers, to call out a 
full and free expression of opinion regarding the defects of existing 
systems and the principles and methods of improvement. 

At the Washington meeting of the American Institute of Mining 
Engineers, in February last, the President's opening address pre- 
sented the subject in certain aspects, which had the effect of stimu- 
lating discussion from the " practical " side and from the scholastic 
side of the profession. An interesting debate sprang up, but, as the 
prescribed business of the meeting did not permit time nor prepara- 
tion for the suitable consideration of the subject, the Council of the 
Institute, upon motion of Mr. Ecklcy B. Coxe, appointed a com- 
mittee to confer with the American Society of Civil Engineers, for 
the purpose of arranging a joint discussion on Technical Education, 
by members of both societies, during the period of their summer 
meetings in Philadelphia. The Board of Direction of the American 
Society of Civil Engineers at once appointed a similar committee. 

JOINT COMMITTEE. 

Henry R. Wohthington, Prest., Member Am. Soc. C. E. 
Thomas C. Clarke, Member Am. Soc C. E. 
Charles Bendhr, Member Am. Soc. C, E, and Inst. M. E. 
EcKLEY B. CoxE, Member Inst. M. E. 
RossiTER W. Raymond, Member Inst. M. E. 
Alexander L. Holley, Sec., Member Inst. M. E. and Am. 
Soc. C. E. 
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4 INTRODDCTION. 

The Joint Committee issued the following circular : 

" At a meeting of the Joint Committee of the American Society 
OP Civn. Engineers and the American Institute op Mining 
Engineebs on Technical Education, held in New York on 
March 17th, 1876, it was 

'Resolved, That the Secretary of the Joint Committee be autlior- 
ized to transmit the following request to such members of the two 
societies represented, and to such foreign engineers as the Committee 
may designate; 

' You are hereby requested by the Joint Committee of the Ameri- 
can Society of Civil Engineers and the Institute of Mining Engineers 
ou Technical Education, to discuss this subject at a joint meeting of 
the two societies, to be held on June 20th, during their Philadelphia 
meetings, the discussion to he chiefly upon the following questions ; 

* I, Should a course of instruction in works precede, accompany, 
or follow that in the technical school ? 

' II. Is it practicable to organize practical schools, under the 
direction and discipline of experts, in engineering works? 

' For the purpose of explaining more fully the nature and scope 
of these questions, an abstract of the remarks made ou the subject 
at the February meeting of the Institute of Mining Engineers is 
herewith sent you. 

' As it is believed that a number of foreign engineers, as well as 
many of our own experts, will wish to take part in this discussion, 
the time of each speaker will be limited to ten minutes, until after 
all on the list have spoken, but any reports or considerations on 
Technical Education which may be presented to the meeting in 
writing will be printed with the proceedings. 

' Please give early notice if you will take part in the discussion, 

' A. L. HOLLEY, 

' Secretarj.' " 

This circular was sent to several prominent engineers, foreign and 
resident, who were not members of either society, and to a number 
of such members of the two societies as would probably represent 
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the widest range of experience and opinion. Of these, nearly all 
expresaed a desire, and the greater part an intention, to join in the 
discussion; of the latter, some were finally prevented, by various 
causes, from carrying out this intention. A few gentlemen took no 
notice of the invitation. More than half those applied to, took part 
in the debate or they furnished papers. 

The Joint Committee direct that the address of the President of 
the Mining Engineers, and the debate thereon at Washington, which 
are in fact a part of the same discussion, shall be affixed to the record 
of the joint discussion, so that the whole matter may be presented 
consecutively and in order. 

A, L. Hoi.r.EY, 
Secretarv of the Juint Commitfee. 

New Yokk, Oct. 1, 1870. 
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ADDRESS OF PRESIDENT A. L. HOLLEY, 



AMERICAN INSTITUTE OF MINING ENGINEERS, AT 
WASHINGTON, FEB. 22i?, 1876, 



INADEQUATE UNION OF ENGINEERING SCIENCE 
AND ART. 



Tub application of scientific methods to the investigation of natu- 
ral laws and to the conduct of the useful arts which are founded upon 
them, is year by year mitigating the asperity and enlargiDg the out- 
come of human endeavor. More notably, perhaps, are these the facts 
in that system of productive and constructive arts of which engineer- 
ing is the general name. In metallurgical engineering especially, 
within the period of our own recollection, how rapid has been the 
rate and how wide the scope of progress : the scientific discovery and 
mining of metalliferous veins ; the economical separation and reduc- 
tion of ores of every grade ; the production and regulation of high 
temperatures ; the varied improvements in the manufacture of iron, 
in saved heat and work, in uniformity and range of products ; and, 
most important of all, the creation and the utilization, to be counted 
by the million tons a year, of tiie cheap constructive steels. 

Wonderful as tliis range and degree of development may appear 
to the public eye, the close and thoughtful observer must, neverthe- 
less, conclude that neither the profession nor the craft of engineering 
raay congratulate themselves too complaisantly, but that they should 
rather acknowledge to each other the embarrassing incompleteness 
of the union between engineering science and art. 

There is a small school of philosophers whom we may designate as 
original investigators, men who come close to nature, who search into 
first principles, and who follow that scientific and therefore fruitful 
method by which the relations of matter and force are discovered, 
classified, and brought within the reach of practice. These wonderftil 
men do not. indeed create the laws of nature, as they sometimes almost 
seem to, but they go up into the trembling mountain and the thick 
darkness and bring down the tables upon which they are written. 
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8 THE INADEQUATE UNION 

There is a larger class of men whom we may designate as the 
schoolmen; tliey are learned in the researches and conclusions of 
others, and skilled in reasoning or speculating from these or from 
abstract data upon the certain or probable results of physical and 
chemical combinations. 

And there is the great army of practicians, almost infinite in its 
degrees of quality, ranging from the mere human mechanism by 
which mind lays hold of matter and force, through all the grades 
of practical judgment and power. 

Let us first consider the matter from the " practical " man's stand- 
point. Every day's experience teaches him that the men who specu- 
late, from secondhand data, upon the probable results of combinations 
of foi'ces and materials, are not the men who can best make these 
combinations in practice, who intuitively know all the concealed pit- 
fells, such as friction, that trick of nature which like the thousandth 
part of phosphorus, alters all the conditions of use in iron ; nor are 
they the men who can determine the completeness of these combina- 
tions, or read the record of their results, as in the character of a 
flame, in the feeling of a refractory mixture, in the behavior of a 
metal under treatment; nor are they the men who, by familiarity 
with objects and phenomena, are best fitted to pursue that original 
investigation which is the foundation of even theoretical progress. 
The expert who delights to call himself " practical," is honestly 
amazed at the attempts of experts by school graduation, who have 
not been graduated in works, to solve the engineering problems of 
the day. And from his standpoint there are numerous and con- 
spicuous illustrations. While metallurgists are still disputing over 
the nature and sequence of reactions in combustion and reduction, 
the practical ironsmelter has felt his way from the barbarous practice 
of a century ago, to the vast and economical production of to-day. 
The attainment of powerful and sufficiently hot blast by means of 
waste heat, the adaptation of shape and proportion of stack to dif- 
ferent fuels and ores, labor-saving appliances and arrangements, — 
all these have grown out of the constant handling, not of books, but 
of furnaces. 

Proceeding upon a chemical knowledge little superior to that of 
the average schoolboy, Bessemer developed his revolutionary process. 
Not knowing for years that the combustion of silicon or of manga- 
nese are the chief sources of the necessary heat; ignoring the fact 
that not alone the reaction but the presence of manganese is a cause 
of soundness and malleability in steel; magnifying the hypothesis 
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OF ENGINEERING SCIENCE AND ART, 9 

that silicon should promote soundness ; instructing his licensees to 
avoid all irons containing above 0.02 per cent, of phosphorus ; and 
sharing the ignorance of the whole metallurgioa! profession as to the 
sequence of reactions in the converter and the probability of chang- 
ing their character, Bessemer and his followers, during the first fifteen 
years of their practice, nevertheless brought this difficult art, which 
the metallurgical schools call a chemical art, to a high degree of 
commercial success, and this in the absence of any metallurgical 
change or chemical improvement whatever, in the treatment of the 
metal. During all this time, there was almost no literature of the 
Bessemer manufiicture, and no instructor save that grim sphinx the 
converter and the well-nigh inscrutable process. It was a hand-to- 
hand fight, involving mechanical details, refractory linings, celerity 
of operations, regularity of melting and conversion and economy of 
labor. With every fact written in his book, tlie closeted scientist 
could no more adequately prescribe the practical conditions of im- 
provement, than could the student in opticas specify in words and 
formulae the glory of an Italian sunset. 

Here is a cupola-furnace, an old and exceedingly simple device; but 
one may know all the laws of combustion and fluxing that are written 
in the cyclopedias, and yet fail to change its working at will, or fail 
to detect the coming change, until by long familiarity, the phenom- 
ena reveal themselves as it were instinctively. One may have learned 
every law of the reactions of oxides and fluxes upon a refractory 
material, yet until his practiced hand and eye and ear can nicely 
detect its physical qualities and measure the results of new iugredi-' 
enta and temperatures, he may wander for years in a maze of uncer- 
tainties. Notwithstanding all our previous knowledge about the 
inevitable combustion of carbon and oxygen in the presence of heat 
enough to ignite them, the Siemens-Martin process, both in its 
calorific and in its metallurgical aspects, was as purely unpractical 
as the direct utilization of sun-heat is to-day, until after years of 
patient observation, not chiefly by scientists but by men unacquainted 
with books and knowing nothing at seeond-^hand, innumerable small 
increments of improvement at last produced a sufficient temperature 
in a durable furnace. 

In the development of machinery, the same history is repeated. 
The proportions of parts, in fact, the modern formula themselves, 
are derived from the study of innumerable experiments. The adap- 
tation of machinery can only be perfected by him who, as it were, 
enters into it, making it an incarnation of himself. This enlarge- 
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10 THE INADEQUATE UNION 

ment of a man's organism is most strikingly illustrated in the loco- 
motive. Oliver Wendell Holmes has happily described this putting 
of his life into his "shell" boat, his every volition extending as per- 
fectly into his oars as if his spinal cord ran down the centre of its 
keel, and the nerves of his arms tingling in the oar-blades. The 
thoughtful locomotive-driver is clothed upon, not with the mere 
machinery of a larger organism, but with all the attributes of a 
poiver superior to his own, except volition. Every faculty is stimu- 
lated and every sense exalted. An unusual sound amid the roaring 
exhaust and the clattering wheels tells him instantly the place and 
degree of danger, as would a pain in his own flesh. The conscious- 
ness of a certain jarring of the foot-plate, a chattering of a valve- 
stem, a halt in the exhaust, a peculiar smell of burning, a sudden 
pounding of the piston, an ominous wheeze of the blast, a hissing of 
a water-gauge — warning him respectively of a broken spring-hanger, 
a cutting valve, a slipped eccentric, a hot journal, the priming of the 
boiler, high water, low water, or failing steam — these sensations, as 
it were, of his outer body, become so intermingled with the sensa- 
tions of his inner body, that this wheeled and tire-feeding man feels 
rather than perceives the varying stresses upon his mighty organ- 
ism. 

Mere familiarity with steam-engines is not, indeed, a cause of 
improved steam -engineering, but it is a condition. The mechanical 
laws of heat were not developed in an engine-house, yet without the 
mechanism which the knowledge derived through (hia familiarity has 
"created and adapted, the study of heat would have been an orna- 
mental rather than a useful pursuit. So in other departments. 
When one can feel the completion of a Bessemer "blow" without 
looking at the flame, or number the remaining minutes of a Martin 
steel chaise from the bubbling of the bath, or foretell the changes 
in the working of a blast-furnace by watching the colors and struc- 
ture of the slag, or note the carburization of steel by examining its 
fracture, or say what an ore will yield from its appearance and 
weight in the hand, or predict the lifetime of a machine by feeling 
its pulse ; when one in any art can make a diagnosis by looking the 
patient in the fe,ce rather than by reading about similar cases in a 
book, then only may he hope to practically apply such improvements 
as theory may suggest, or to lead in those original investigations 
upon which successful theories shall be founded. 

These are the conclusions of the " practical " man, and they are 
none the less true because they are not the whole truth. That tliey 
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are too little considered by the schoolmen and the graduates of sc 

is also true, but happily, less conspicuously so as the years advance. 

The evil consequences of this mistake develop themselves in vari- 
ous ways. The recent graduates of schools do not, indeed, expect 
immediate positions of responsibility "and authority, but they often 
demand them after too sliorfc a term of object-^teaching. Perhaps the 
greatest advantage of their scientific training is that they can learn 
from objects and phenomena faster than can the mere workman, who, 
although full of the elements of new and useful conclusions, lacks, 
if I may so say, the scientific reagent which precipitates the rubbish 
and leaves a clear solution of the problem. It is however true — in 
the iron manufecture, perhaps, especially true — that men of wide 
learning and of great mental dexterity, unless they have studied at 
least as many years in the works as they have in the school, do not 
successfully compete for the desirable places with the men who have 
come up from the ranks. Narrow, unsystematic, and fruitless of 
new results as his knowledge may be, he who has grown up steadily 
from the position even of puddler's helper, will be selected to take 
the manager's post in preference to him whose reputation is founded 
solely on the school. 

Nor does this prove, as the schoolmen too often believe, that tlie 
owners and directors of metallurgical enterprises are generally unap- 
preciative of scientific culture. It rather proves that the lowest func- 
tions, as in the case of poor humanity, must first be considered; that 
the conditions of maintenance and regular working, which constant 
familiarity with objects and phenomena alone can provide, are earliest 
in order. Conservation first and improvement afterwards. 

Another consideration in this connection is that scientific aid 
appears to l>e more readily provided for the "practical" man than 
practical aid ibr the "scientific" man. The trained scholar can the 
more readily adapt himself to the situation. He should suggest 
many more improvements than would ever crystallize in an equally 
good but undisciplined mind. Yet his attempt, with mere scholastic 
aids, to carry these improvements out, might disorganize a whole 
establishment. As there must be one final authority, judgment 
founded on experience almost universally ranks the wider and more 
fruitful culture of the school. And if we ask those great masters 
whose experimental knowledge is as wide as their scientific culture, 
they will tell us, that as the inert and clumsy fiywheel, that typical 
conservator, is more helpful to a steam-engine in the long run, than 
a valve-gear so highly organiEed that it seems to know what it ought to 
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do, 90 ill their own undertakings, plodding, praetioal economics must 
sit in judgment upon theory and limit the reaches of imagination. 

Another evil growing out of the inadequate regard of mere school- 
men for practice, is the frequent failure of their works or their ina- 
bility to complete them. Inventions and constructions, designed after 
a scientific method and nnder the light of organized facts and detailed 
history as laid down in books, may fail simply lu default of a prac- 
tical knowledge of how fer the capital at hand will reach, or what 
the moans at hand will do, or what the materials at hand will stand, 
or what the labor and assistance at hand can be relied on to ac- 
complish, A vast number of fiicts about the operation of forces 
in materials are «o subtle, or so incompletely disentangled from 
groups of phenomena, that they cannot be defined in words, nor un- 
derstood if they could be formulated. But after long familiarity with 
the general behavior of materials under stress, a practical expert can, 
by a process more like instinct than reason, judge how far and in 
wliat directions he may safely push his new combinations. Thus 
while the unschooled practician so usually wastes his enei^ies in 
unscientific methods and on impossible combinations, but generally 
carries into successful use his comparatively few well-founded at- 
tempts, the student merely of principles and abstract facta so usually 
originates the ideas upon which progress is founded, and so rarely 
clothes them with practical bodies. In this chasm between science 
and art, how much effort and treasure, and even life, are swallowed 
up year by year. 

These are not theoretical considerations. The blast-furnace, the 
converter, and the open-hearth have already been referred to; let us 
observe some other illustrations. A bridge-builder will tell us that 
few structures in his department of engineering fail by reason of 
mistakes in ealcnJating the strain-sheet, but that the majority of 
failures arise from vibrations, buckling^ rapid wear of important 
parts, shapes that weaken the material, inequalities in the material, 
and similar causes which are not stated in books, which assume 
different aspects under every change of proportions and dimensions, 
and which can only be inferred by means of a long familiarity with 
the behavior of similar structures during varying periods of service, 
and with the processes by which materials and members are fabri- 
cated. The builder of a machine like a marine engine, or a loco- 
motive, or a roll-train, or a steam-hammer, will tell us that, in 
-designing new adaptations, after every stress that can be distinctly 
analyzed is provided for, mass to resist vibration, changes of shape 
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OF ENGINEERING SCIENCE AND ART. 13 

to insure sound casting, and various modifications which cannot be 
formulated far the want of even approximately complete knowledge 
of their conditions, must still be supplied, eimply by judgment 
founded on long observation of phenomena under similar conditiona. 
And he will thus explain nine-tenths of the failures. Who can 
imagine the volume of a book, or of an author, which should ade- 
quately teach the principles of construction as affected by the chiefest 
of ail practical considerations — the economies of the foundry, the 
forge, and the machine-shop? With the tools and facilities at hand, 
what divisions of a particular structure, what shapes and sizes and 
methods of joining can be made cheaply as well as strong and effi- 
cient, in all the infinite forms of mechanism ? Obtaining such facts 
from any other source tlian personal practice, would be like an oars- 
man studying a book to know when and how in the race he must 
husband his power, or like a wrestler looking out in a cyclopedia the 
probable feints of his antagonist. The successful constructor will 
assure us that no possible training in the school, nor any genius in 
invention can build economically without such a knowledge of the 
shop as the athlete has of the possibilities of muscular strength and 
agility. 

These arts have been selected as examples, not because they chiefly 
depend on skill, but because they so largely involve the highest 
formulated mathematical knowledge. How much more important, 
then, is practical training in those departments where physical laws 
are very incompletely understood and formulated. How far short 
of practical success will abstract science stop in sinking pneumatic 
piles through wrecks and boulders, in tunnelling rocks traversed by 
subterranean streams and beds of quicksand, in cheaply applying 
hoisting, ventilating and draining machinery to mines where the 
scene and conditions of operation are constantly shifting, in firmly 
founding heavy and vibrating machinery on treacherous ground, in 
handling and casting melted steel, in constructing refractory metal- 
lurgical vessels, in delivering bars red-hot and crooked in infinite 
directions to a roll train, in febricating durable breech -loading 
cannon, in building boilers that shall provide for vaporization, cir- 
culation, separation, cleaning and durability, in designing enginery 
like the horseshoe machine to shape metols, in proportioning gas- 
furnaces, in submarine warfare, in aerial navigation, in machine 
tools, in traction engines, in scaffolding and erection, in railway 
running-gear, in forming artificial stone under water, in permanent 
way, in coal-cutting, in dredging machinery, in moulding and g 
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in brick machinery, in tube-drawing, in coal-burning, in pavements? 
Limited or impossible as would be the progress of engineering arts 
in the absence of that knowledge and those methods which are im- 
parted in schools, delay and feilure would hardly be less conspicuous 
if the schoolmen should stay in the schools and thence attempt the 
application of abstract science, or expect mere workmen to apply it 
by hearkening to their directions, 

I hope it may not seem that the dignity of abstract scientific in- 
vestigation is undervalued by the utilizers of nature's powers and 
materials, or that any considerations of profit obscure, even in the 
average commercial mind, the splendor of those achievements made 
in the mere love of truth, with thought of neither commercial appli- 
cation nor pecuniary reward — achievements which distinguish such 
names as Faraday, Bunsen, Leverrier, Mayer, Joule, Henry, Darwin, 
and Tyndalh Do not their successes rather encourage us, in our 
lower sphere, to more persistently pursue the method of these great 
discoverers — the original investigation of Nature's truths ? Not less 
literally than in the poet's fancy, 

'• To him who in the love of NatiiTe holds 

Communion with her visible forma, she speaks 

A various langunge." 

To the skilled artisan she reveals herself as truly though not as 
widely as to the philosopher. In the aphorism of Goethe, " Mankind 
dwell in her and she in them. With all men she plays a game for 
love, and rejoices the more they win." 

But the undervaluation of the study of objects and phenomena 
by schoolmen, is not the principal hindrance to the complete union of 
science and art. A greater obstacle is the combined misapprehension 
and ignorance on the part of a large class of "practical" men, of 
what they are pleased to call " theory," meaning by theory, some- 
thing which is likely to be discordant with fact — or possibly with 
the interests of the craft. We can hardly complain that their ob- 
iection is ill-grounded, as far as it is grounded upon the practice 
of theoretical men ; but the world has a right to complain of their 
narrowness of observation, of their stolid incomprehension of the 
results of science, of that pride of ignorance, of that bigotry, of that 
positive fear of the diffusion of knowledge, which is the normal con- 
dition of those who range only within the sphere of their own 
practice, and to whom analysis and generalization, in their business 
afEairs, as well as in morals and politics, are an unknown thing. It 
is unfortunately true that a large number of managers in metallur- 
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^cal enterprises — men who are deemed indispensable, and who 
probably, are indispensable, in the average state of practical science, 
are thus not incorrectly characterized. Conscious of their power as 
conservators, ignorant of the elements of improvement, and not un- 
frequently jealous and blindly fearful for the interests of their craft, 
they sit triumphant on an eminence (the steady undermining of 
which tiiey cannot observe), and sneer at the too frequently con- 
descending magniloquence of recent graduates and book men. The 
best of this class are the workful and painstaking men who come up 
from the ranks — men who are pincky in emergencies and regulative 
of labor — men whose unconscious reasoning or intuition covers the 
ordinary exigencies, and who, perhaps for this very reason, never 
inform themselves outside of their own range of observation, nor 
observe in a methodical or fruitful manner. 

There is also a class of practicians who do secretly and abstractly 
respect the labors of the scientific investigator, and are unwillingly 
governed, more or less, by his conclusions; but their minds are so 
barren of general facts and so untrained in the scientific methods of 
utilizing facts, and hence so distrustful of any ideas which reach 
beyond their own practice, that they also ai-e impediments ratlier 
than helpers in the union of science and ai-t. 

It is often said, I am aware, that there is never any real antago- 
nism between science and art, and that all men respect, even if they 
do not promote, the efforts of both scientists and practicians to for- 
ward the useful arts. What then shall we say of that phase of 
trades-unionism, which not only tends to repress improvement, but 
which often violently defeats the works ot progre«-ive thinkers and 
sometimes destroys their authors? Let us also obser\e in extreme, 
but not isolated ease of the executive tieatment ot science. Long 
before the professional career of mo^t of us began, the Erie Eailway 
Company commenced a series of experiments in civil and mechanical 
engineering, sometimes elaborate, like those of Zerah Colburn on 
traction, and always useful ; many of them incorporated with and 
improving the practice of the road for a quarter of a century. The 
voluminous drawings and records of this experimental practice, 
always preserved by the engineers of the road, were just beginning 
to be remembered by young and inquiring engineer, as a mine of 
professional information, when it was discovered — you will hardly 
beJieve me — tiiat the engineer of the Erie road having been turned 
out, the whole of this priceless accumulation of reports and draw- 
ings was dragged off by the cartload to a paper mill, and destroyed. 
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by James Fisk, Jr. In reviewing the railway history of the country, 
many of you will remember that this act of vandalism has been by 
no means the worst blow which engineering has received from so- 
called "practical" men. 

I have referred to these exceptional eases, merely to correct a 
modern idea that engineering progress, especially by scientific 
methods, is as yet, the creature of popular favor. It is refreshing 
to turn from such considerations to the still exceptional but happily 
growing appreciation and helpful respect of practitioners and scien- 
tists for each other, as sometimes exemplified in the various depart- 
ments of mining engineering. When we see recent graduates 
patiently leading the untrained, confused, but determined mind of 
the workman, painfully wrestling with hard names and occult pro- 
cesses, into methodical habits of thought and the rudiments of 
organized knowledge ; when we sec the grimy workman^ not stand.- 
ing aloof for fear of his craft or of his trades-master, but drawing 
the recent graduate into mines and furnaces, and patiently teaching 
hira how to recognize that matter, in mass and under mighty forces, 
which he had heretofore contemplated in cabinet specimens,' and 
chiefly in ideas; when we see the commercial manager of metallur- 
gical enterprises opening liis works to the graduates of schools, and 
giving them a chance, not only to complete their education, but, by 
judicious application of (heir efforts, to earn a living meanwhile; 
when we see such things, as happily we may, here and there in 
metallurgical works, we may assure ourselves that one way has been 
discovered to promote the union of science and art. 

In the enlargement of this method of mutual respect and instruc- 
tion, to a certain extent lies the solution of the problem under 
consideration ; but it is a complex method, only actively operative 
under several important conditions, such as; 

1. A public opinion among schoolmon that a course of object and 
phenomena study in works is to be reckoned, not as a matter of mere 
business sequence, but as a large and equal feature of that curriculum 
which Is essential to a degree of professional graduation, 

2. A difFusion, among the class which we have termed the "prac- 
tical" class, of a real appreciation of an oi^anized system of infor- 
mation and of the scientific method of making this information 
useful to all classes of men and noxious or unimportant to none; 
such a general explanation to that vast, preponderating class of 
workmen and of foremen and managers, who are foremen and 
managers simply because they have been efficient workmen, as will 



..glc 



OF ENGINEERING SCIENCE AND ART. 17 

ever prevent their indiscriminate and contemptuous application of 
the term " theory " to whatever a schoolman proposes. 

3. An understanding among the owners, directors and commercial 
managers of engineering enterpriseSj that it is not a matter of favor, 
but a matter of as much interest to themselves as to any class, that 
young men of suitable ability and of suitable preliminary culture, 
however acquired, should have opportunity and encouragement to 
master the practical features of technical education lo works, not as 
mere apprentices, bnt under reasonable facilities for economy of time 
and completeness of research. 

Bnt these conditions do not lai^ely exist, and are only growing 
with genera! civilization. They must Ite hastened and magnified 
by some better means than merely stating the case again and again, 
as some of us, I confess, are too fond of doing ; than perpetually 
repeating, in a manner more siaitimental than efficient, that scien- 
tists should appreciate practice, and practicians should appreciate 
science, and capital should Join the hands of science and practice, 
saying ; " Bless you, my children," in the expectation that this will 
prove a fruitful union. Let us rather inquire if some new order 
of procedure in technical edvcniion, some revolutionary innovation, 
if need be, will not put the coming race of engineers on a plane 
which is lifted above the embarrassments from which we are slowly 
emerging. 

1st. In order that the technical school should be in the highest 
degree useful, fruitful, and economical, it must instruct, not men 
of good general education, but artimns of good general education. 
The art mnst precede the Science. The man must first feel the 
necessity, and know the directions of a larger knowledge, and then 
he will master it through and through. Mark how rapidly the more 
capable and ambitious of practical men advance in knowledge deriv- 
able from books, as compared with the progress of bookmen, either 
in books or in practice. Many men have acquired a more useful 
knowledge of chemistry, in the spare evenings of a year, than the 
average graduate has compassed during his whole course. These 
men realized that success was hanging on their better knowledge. 
Familiar with every changing look of objects and phenomena, they 
detected the constant play of the unknown forces which underlie 
them, and longed for a guide to their operation, as a mariner longs 
for a beacon light. This practical familiarity and judgment at once 
i-evealed the importance of scientific facts and methods, promoted 
their acquisition, and guided their application. Under what com- 
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parative facilities does the mere recitation -room student, or even the 
mere analyst of the hundred bottles, study applied chemistry? It 
is to these a matter of routine duty, without a soul ; they are neither 
stimulated nor directed by a previously created want. Beginniug 
with theoretical and abstract knowledge, is no less an inverted pro- 
cess in the useful arts than in the fine arts; as it would be to take a 
course of Ruskin within brick walls, as preparatory to opening a 
studio, and then climbing the mountains to square nature with the 
book. 

Undoubtedly there may be extremes in any form of educational 
method. For a youth to begin the special business of technical edu- 
cation by any method, practical or otherwise, before he has acquired 
not only a common school education, but, at least such a knowledge 
of polite literature and general science, including of course mathe- 
matics, as would fit him to enter one of the classical colleges, should 
be strongly discouraged, for various reasons. It is useless to dis- 
guise the fact that the want, not of high scholarship, but of liberal 
and general education, is to-day the greatest of all the embarrass- 
ments which the majority of engineering experts and managers 
encounter. This statement cannot be deemed uneomplimentarj' to 
the class, seeing that they have risen to power despite the embarrass- 
ment. At the present day, the high-school systems founded by 
States and by private enterprise, bring such an education within the 
reach of every one; and it seems of the first importance to promote, 
if not almost to create, a public opinion, that liberal and general 
culture is as high an element of success in engineering as it is jn any 
profession or calling. 

But this is not all. Professional and business success are not, 
even in America, the chief end of life. All the social and political 
relations, and even personal happiness, are governed, not by the 
specialties, but by the balance of mental culture. What, then, shall 
we say of the policy of wealthy parents — not indeed general, but too 
frequent — of placing an uncultured boy in a technical school and 
then in works and business, without giving him one chance to 
acquire a general and polite culture? 

Many young men display a liking, and others a marked talent, 
in some special direction. There is no danger that these will be 
crowded out of existence by the culture necessary to make a well- 
balanced mind ; and the nearer the talent approaches genius, the less 
imminent will be any such danger. 

The proposition then is, not that mere common school-boys shall 
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go into works and then jnto technical schools, bnt that young men 
of more advanced general culture, when they do begin the business 
of technical education, shall apply to Nature llrst and to the school- 
master afterwards. 

It may be urged in favor of beginning in the technical school, 
rather than in the works, that mental capacity for the after acquisi- 
tion and application of facts and principles is thus developed. But 
mental training is not the product of the technical school alone. 
Habits of logical thinking and power of analysis and generalization 
may l>e acquired in any school. And a positive objection to begin- 
ning with the technical school is, that it cannot stop at logical 
methods and sciences which are essentially abstract. It also attempts 
to teach about objects and phenomena, the first knowledge of which, 
if it is to be broad and genuine, must come from the fountain-head. 

These considerations may be farther illustrated by the course of 
the inexpert graduate when he enters works as a matter of business 
or of study. We have seen that the practical man can, at least, keep 
the wheels running and the iires burning, and that when he is of a 
certain grade of ability and ambition, he will most rapidly acquire 
the scientific knowledge and culture which, joined to his practical 
judgment, make him a master. The unpracticed graduate, however, 
can keep neither wheels turning nor fires burning; he has not even 
the capacity of a conservator. Nor can he for a long time rect^nize, 
in the whirl and heat of full-sized practice, the course and movement 
of those forces about which his abstract knowledge may be profound. 
The youngest apprentices are more useful in an emergency. He must 
begin with the lowest manual processes, not indeed to become simply 
dexterous, but, as it were, to learn the alphabet of a new language. 
He has started in the middle of his course instead of at the begin- 
ning. He must go back before he can advance, while the practician 
goes straight on. The knowletlge of the schoolman about physical 
science, however often he may have visited works and mines and 
engines during school excursions, is essentially abstract; it no more 
stimulates desire and power of practical research than the calculus 
creates a passion or a capacity for studying the actual work of steam 
in an engine, or the actual endurance of a truss in a bridge. 

The disappointment of inexpert graduates at finding themselves 
so far from being experts, their inability ofttimes to pay for farther 
schooling, the necessity that they should now begin to earn money, 
as they had persuaded themselves they could so reiidily do upon 
graduation, discourage many from pursuing engineering, and, what 
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is worse, send many out into practice who never do complete their 
technical education, but who, by the character of their work, loiver 
the professional standard. 

It can hardly be ui^ed against the precedence of practical culture, 
that the student will get " out of pi-actice " while he is in the school. 
He may, indeed, lose dexterity, but not the better fruits of experi- 
ence. In fact, those who begin as practicians, almost instinctively 
keep up their intimacy with the current practice, 

A most signal advantage of beginning technical education in the 
works is, that the mind is brought into early and intimate consid- 
eration of those great elements of success which cannot be imparted 
in any other way, — the management of labor and the general prin- 
ciples of economy in construction, maintenance, and working. An 
eai'ly knowledge of these subjects moulds tJis whole- ckarader of subse- 
quent education and practice. There seems to be no corresponding 
advantage in beginning with the technical school. The fundamental 
mathematics and general information on physical science may be 
acquired in the preliminary school. 

There is little doubt that the managers of technical schools will 
favor this order of study. Theyivant to graduate, not half-educated 
men, but experts. They desire, of all qualificati<ms in the student, 
that enthusiasm which can only spring from a well-defined want of 
specific knowledge. 

2d. But the order of education is not the only desirable change. 
Whether before or afler their course in the school, the hundrctls of 
young men who are every year entering engineering pursuits, are 
wasting their time in bad methods of practical study, or, if after the 
school course, they are more frequently doing bad work as engineers, 
when they should still be only students. Hardly two engineers 
acquire any part of their practical knowledge in the same curricu- 
lum. They pick it up as best they may, usually in a manner that 
is wasteful of time or damaging to the public. While the teaching 
of general facts and principles and of scientific method is highly 
developed, there is no organized system for guiding students to direct 
knowledge of objects and phenomena. This statement requires two 
explanations: I. Apprenticeship is a school of skill in a specialty 
ratlier than a school of liberal art. It is intended for a class of men 
who propose to remain mere workmen, and not for the class who 
intend to improve and direct engineering enterprises. It imparts a 
degree of dexterity far beyond the requirements of the general ex- 
pert, while it would hardly impart in a lifetime his required range 
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of practical knowledge, II. A school of engineering praetjce, siieh 
as that of research in zoology which ■waa established by Agassiz, 
would be wholly impracticable, because it could be nothing less than 
a vast and successful establishment for construction and operation in 
nearly all the departments of engineering. If such a school were 
not commercially successful, and if its range were not comprehensive, 
it would be unsuitable and inadequate. 

Now, if there can be a system of instruction in the one school, there 
can be in the other. The same discipline and responsibility, the same 
guidance as to precedence of study, quality of evidence, and correct- 
ness of conclusion, should hold good in both eases. To say other- 
wise would be to say that aU knowledge should come from unaided 
original research, and that every investigator should begin, not where 
a former investigator left off, but where he began. It therefore 
appears that there can be a school of practical engineering, but that 
it cannot be mere apprenticeship in engineering pi-aetice, nor a sys- 
tem of engineering construction and operation, maintained merely 
for the purposes of a school. 

The only alternative is to establish organized schools in the vari- 
ous existing engineering works. At first, this idea would seem sub- 
versive of all discipline and economy, but I am assured by experts 
in several branches of engineering, that such would not be the case. 
Let us take, for example, a Bessemer works. A score of students 
under the discipline, as well as under the technical guidance of a 
master, could be distributed among its various departments, not only 
without detriment, but with some immediate advantage to the owner, 
for while receiving no pay, they would become skilful, at least as 
soon as the common laborers who form the usual reinforcements. 
Students should, of course, be expected, not to work when and in 
what manner they might choose, but to do good and full work dur- 
ing specific hours. This responsibility as workmen, would rapidly 
impart not only the knowledge sought in the works, but a desire for 
higher knowledge and culture. 

These considerations are not merely theoretical. Several students 
at a time, subjected to no discipline, sometimes working hard, and 
sometime not at all, may often be found in a Bessemer wor!;s, and 
I have yettohearof their embarrassing the management in any way. 
The laborer has no cause for interference, as the students are not 
under pay, and whatever they accomplish is clear gain to the three 
parties concerned, — the owner, the student, and the operative. A 
large number of young men may be found studying in machine 
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shops, and sometimes earning, small pay, besides having opportunity 
to work in all departments. 

The proposition is to enlarge and systematize the existing desul- 
tory study in works — to increase its usefulness to the student, and, 
at the same time, to make the granting of such facilities to students 
an object, immediately, as well as remotely, to the owners of works. 
To this end, the schoolmaster should be not only well read in the 
professional literature, but a practical expert who could take charge 
of the works himself, bo that whilst best aiding the students, he 
could prevent their interference with the regular and economical 
operations. His functions would be, not those of an instructor, nor, 
to any great extent, of a clinical lecturer, but those of a disciplinarian. 
The students should acquire skill, in order that they might acquire 
judgment of skill and original knowledge of materials and forces, 
and the master should see that they did acquire them all. He might 
do some service hy stated examination and current criticism and sug- 
gestion, but his chief office would be to promote honest work, and 
to provide opportunity for work in all departments with reference 
to the economy of the student's time and to the owner's interests. 

It should thus appear that these somewhat radical changes in the 
curriculum of engineering study — first, a hand-to-hand knowledge, 
acquired not desultorily, but by an organized system, and afterwards 
the investigation of abstract and general facts and their relations, 
would largely economize the student's time and better the quality 
of his knowledge. The novice is nearly as valuable a student in 
works as the graduate, but he is a vastly less apt scholar in the 
school. My own belief, founded on the study of many typical cases, 
is, tliat this order of procedure would pi-oduce a better class of ex- 
perts in little more than half the time required by the reverse order; 
that it would always make experts; that it would discourage none 
from finishing an engineering education which would be complete 
in its parts, even if insufficient time were taken to fuUy develop it. 
A well-balanced culture will naturally grow in scope and in fruit- 
fulness. 

In this connection it seems proper to say a word about the royal 
road to learning, which a few ill-advised students attempt to pursue 
I do not refer to their availing themselves of professional data 
and drawings on file in engineering offices, but I do refer to their 
asking engineers and managers to furnish them special reports on 
subjects regarding which their own observation would be vastly 
more useful to the applicants, and quite as convenient to the respon- 
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dents — reports on the number and duties of workmen in each de- 
partment, and the particulars of operation and relative cost, which 
can only be profitably investigated by a student, when not only the 
facts but the reasons are ferretted out by himself, rather than trans- 
mitted to the academic grove through the post office. 

In conclusion, if it should appear upon larger observation, to the 
profession in general, as it does appear to many of its members, that 
this want of coalescence, ranging from indifl'erence to antagonism 
between its scientific and practical branches, is a real and substantial 
fact, a larger effort would undoubtedly be made to change a condi- 
tion so damaging to the profession and to the public. This inap- 
preciatiou of one department by the other is not unnatural — neither 
side has taken sufficient pains to observe what the other side has 
done. The mere scientist instinctively believes that the achieve- 
ments of tlie profession are so far due to the deductions of scientists 
that all other causes fade into insignificance; and the practician 
knows that just as far as animal life is from the disembodied spirit, 
so far is utilization of nature from the formulae of heat, chemical 
affinity and mathematics itself. 

The first step is to recognize the fact, and I beg engineers, especi- 
ally those who from their scholastic habits, see least of the every- 
day embarrassments wliich are encountered by the executive de- 
partments of the profession, to take into account, not only the pride 
of class power, which the artisan feels as keenly as the scientist, but 
those baser elements of disunion, ranging from trades-uuionism to 
counting-room dictation in technical affairs. 

Having recognized the grave and comprehensive character of the 
evil, the next step should be, not I think, to attempt any violent 
alteration in the existing conduct of engineering by the men who 
are now in active service, but to change, if I may so say, the envi- 
ronment of the young men who are so soon to take our places, in 
order that their development may be lai^er, higher and in better 
haJance. Two co-operative methods have been suggested — revers- 
ing the order of study, and organizing the practical school. 

Whatever the course of improvement may be, it becomes us to 
leave some heritage of unity to the coming race. How shall we 
more fitly crown a century of engineering — a century in which our 
noble profession has risen from comparative potentiality to living 
energy? And as its force is multiplied by the general advance of 
science^ it becomes the momentum which evermore shall actuate the 
enginery of civilization. 
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DISCUSSION ON PRESIDENT HOLLEY'S ADDRESS. 

Pkof, T. Egleston, — The subject of the President's address is 
one of very great importance to the profession. There is, as is evi- 
dent to all, a want of concord between the schoolmen and the manu- 
facturers, but the want is ail on the part of the manufacturers. 
The President has shown us where the knot is, but has not cut it 
himself nor helped us to cut it. The unwillingness of some manu- 
facturers to allow the student or professional man facilities, not for 
seeing the secrets of the trade, but the every-day manipulation, 
amounts sometimes to almost an obstruction to education. It is cer- 
tain that this unwillingness arises in most cases, either from misap- 
prehension of the object, or from want of tact on the part of the 
student. It may arise, also, from a well-grounded ftar that the 
information asked for is to be used for direct com2>etition, in which 
case it is well founded, and an act of self-protection. There are 
those, however, who are always willing to afford opportunity and 
facility for acquiring knowledge, to the student, and who do not 
acknowledge, either in word or deed, that any antagonism exists, 
To their kindness and consideration, many of us are greatly in- 
debted for substantial aid in solving some of the difEcuU problems. 
Some generous-minded men carry the desire to aid further than is 
wise. We, of the schools, send students to the works to acquire 
knowledge which will be of use to them in solving problems given 
them to call both their knowledge and judgment into play, not to 
acquire information which is acquired to-day and forgotten to- 
morrow. Some of our friends furnish schedules, complete estimates, 
and lists of prices, in the most friendly manner, thinking to do a 
service. The result is, that the ease with which the information is 
acquired, leads the indolent, indifferent man to copy them verbatim, 
without any attempt at the very exercise of judgment, which is our 
principal object. The incipient engineer must decline to use such 
information, as his conditions are not the same; but the temptation 
to consider such a division of labor as l^itimate, is, nevertheless, 
very strong. What was intended as a kindness is often no help to 
the investigating student, and a weight which helps to drag down 
the man who is willing to copy ; such co-operation is not what is 
needed, and is no real kindness. When the School of Mines in New 
York was first started, it was stated, that for students who wished it, 
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application would be made for permission to work in mining and 
metallurgical establishments as the highest reward of engineering 
scholarship which the faculty could oiler ; but we were soon obliged 
to withdraw the promise, since the manufacturers would not grant 
the permission. Yet it is easily to be seen that out of such men, 
working for a given time without wages, the raanufaeturer might 
make, if he would, men of a high order of engineering ability. The 
diificulty is to make the manufacturer see that it is for his interest 
to have men trained to think and then to see. The day I graduated 
from college I left the machine sliop in which I had been working, 
to take my diploma, and went hrnck again to the shop, and after 
nearly a year's work went to a technical school. For the first year 
and a half that I was in the profession, though in charge of very 
large mines, not a single important question, involving mining, 
arose, but there were constant questions of pumps, engines, etc., and 
I was led at first to think little of my technical education until it 
became evident that the power to use the knowledge gained in the 
machine shop was the result of the technical training. It is plain to 
any one who gives the matter a moment's thought, that no amount 
of learning, which can be acquired in a technical school, can give 
the eye-education acquired by long practice in the works, and which 
makes every good workman an artist. A thorough education will, 
however, enable one to learn the nice distinctions, which are the basis 
of a correct judgment, in a comparatively short time. It seems to 
me very doubtful whether the ability to do the manual work is de- 
sirable in the engineer. The schoolman must have experience, just 
as the ordinary workman, but he acquires it in a much shorter time. 
Success in this, as in other things, is more or less the record of 
failures. As a general tbing, the man who has never failed has 
never tried. The failures of the ordinary workman, looking over 
long periods of years before they become skilled, are not noticed or 
forgotten, but the failures of the schoolmen are more prominent, be- 
cause so much, that is not feirly reasonable, is expected of them. 
It is evident that the young engineer must supplement hiscdncation 
at the school by training at the works, and if his failures in properly 
directed efforts are compared with those resulting from the efforts of 
men who have not studied abstract science, it is certain that they 
will be found the lea.st expensive. What the President has laid out 
as a practical course means that men would not get into their pro- 
fession until they were thirty years of age, which, in a certain point 
of view, is an advantage, but could not be carried into effect in this 
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country, where meu must begin to earn their own livings about the 
time they are twenty-one. What is needed is to increase the re- 
quirements and advance the age of admission to our technical schools, 
and then to overcome the antagonism of the manufacturers, and in- 
duce them to allow the graduates to continue their study with them 
until they could learn enough of the professional work they must do, 
to feel and hear, almost by instinct, as the President has so forcibly 
said, what they were to do. Such a system would soon train a class 
of engineers not to be had now. It is easy for the schools to give 
men the theory, but where are they to get the practice, if the 
manufacturer, miner, and metallurgist is to stand by them and say, 
yes, you ought to swim, you must swim, but we cannot by any means 
allow you to go into the water until you have learned how to swim. 

Mr. Joseph D. Weeks. — I cannot agree with the last speaker, that 
there is always this want of concord, this disinclination on the part 
of nianufecturers to allow scientific investigations to be made at their 
works, or if such a want or disinclination does exist, that it is en- 
tirely on the part of the manufacturers, or without reason. So far 
as my experience has gone, I have found the iron manufacturers of 
my own city, Pittsburgh, very ready to grant facilities for investiga- 
tion, and work in perfect harmony with me in making experiments. 
At the works of Messrs. Eogera & Burchfield I spent many days 
experimenting on the use of natural, gas in the puddling furnace, 
being at liberty to make any change in furnaces or their working I 
chose. At Messrs. Spang, Chalfant & Co., so fer as I am aware, 
there has been every facility granted. But a week ago two gentle- 
men connected with the State Geological Survey were at these works 
making some very thorough experiments, and I know that a young 
gentleman, a graduate of the Professor's own school (the School of 
Mines), has been at these works for weeks. 

Prop. S, W. Raymond thought the question of furnisliing in- 
formation to visiting students was chiefly one of courtesy and of 
present policy, while the question of giving a practical knowledge to 
students, or those who were to become sucli, was a much deeper one, 
bearing upon all the future. He thought that in many cases the 
questions asked of managers by students who called upon them were 
of a kind to embarrass one party without i-eally benefiting the 
other. With regard to the suggestion of the President, that there 
are many considerations of practice which cannot be formulated, Mr. 
Raymond thought a large part of this imt^ined inability would dis- 
appear when greater culture was introduced among practitioners. A 
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mind trained to think and to express thought would deal promptly 
with many of the customs and rules of practice, discarding one-half 
as superstitions or survivals from necessities now obsolete — like the 
rudimentary organs of Darwinism — and classifying, explaining, and 
formulating the rest. The speaker did not believe much in rules or 
practices which could not be formulated. The trouble was the in- 
ability or disinclination of practitioners to state the facts. The 
President's recommendations would abate this evil. With regard to 
the combination of technical instruction with practice, perhaps the 
Steigersohulen, of Germany, are a good example. They have fur- 
nished some excellent mining engineers and metallui^ists. He 
thought the introduction of a preliminary course of practical training 
before the scholastic training would be a great benefit to the schools 
themselves. It would weed out the hopelessly stupid, or lazy, or 
otherwise unfitted, and bring to the schools a class of young men 
who already knew what they wanted and really wanted it. The 
great difficulty with the schools to-day was to recommend themselves 
to the public — to parents. This could be done by the original in- 
vestigations and publications of the professors, and still more by the 
practical achievements and business success of the graduates. Any- 
thing which tended to increase the chances of graduates to obtain 
opportunity of advancement, and to acquit themselves creditably 
therein, would benefit the schools. On the part of parents, the trou- 
ble is that they are in too great a hurry, and it is imperative that we 
should prove to them that a more thorough and prolonged training 
fays. Too many educators are at present engaged in the ridiculous 
attempt to adopt from the German system of university education 
everything except the lime it lakes. We keep on taking out a little 
more classics, and pushing in a little more science in our curricula 
of education, leaving the whole thing to be crammed in the same 
space as before. The speaker thought the only solution was to give 
more time, and most heartily agreed with the President that lack of 
general culture — of the knack of study, the power of statement, the 
sense of order and logic — was one of the greatest defects and draw- 
backs to the engineer. No illiterate man (using the term in a 
broader sense than that of inability to read and write) could become 
a distinguished engineer ; or, at least, the most able engineer, if de- 
ficient in the culture which gives men power over their fellows, 
would be the first to recognize the lack, and lament the cause that 
had so crippled his usefulness and stopped him almost at the summit 
of that feme which could be completely climbed only by complete 
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men. One of the members of the Institute, a gentleman of high 
reputation as a manager of mines and works, had recently said to 
the speaker that he had conclnded, after much observation, tJiat a 
regular collegiate education was the best preparation for a technical 
one, and that the time so spent was well spent, and showed its ben- 
efit surely at the other end of the student's career. 

Mr. E. C. Pechin. — All are agreed as to the desirability of cios- 
iiig the gap between theory and practice, and the future will, iin- 
doubtediy, develop the plan by which this can be accomplished; 
but the important present consideration is, if we cannot close the 
gap, may we not make it narrower. The plan suggested by Pi'esi- 
dent Holley is an admirable one all will admit, but its develop- 
ment will necessarily be slow because so radical. There ought, 
however, to be no real difficulty in the way of graduates of the 
schools becoming thoroughly versed in all matters of practice. 
Tiiere is an apparent obstacle, in the reluctance of the graduate to 
accept the prospect of a year or two of real hard work. I have had 
a number of applications from educated and competent young men, 
for positions, but in a majority of cases they wanted a good salary 
to begin with, and the nature of their duties must be rather genteel 
than otherwise. What they should say is, " I have had a thorough 
technical education, but I want a position for a year or two, where I 
can become thoroughly familiarized with practice. I only ask such 
comj)ensation as will reasonably support me, and to labor for a given 
time in the various departments of your busines.s." 

There are very few masters who would not recogni/e the meiit of 
such an application, and gladly assist so laudable a de«ne 

Several years ago, I accepted the services of a young gentienian, 
who had just finished a thorough course in the German schools 
First acquainting himself with the nature ot our miteiials, he then 
practically became a workingman. Whenever and wheiever his 
services were required, he offered them, day or night, in the stouk- 
house, or at the front. He lyirefully noted difiicultie-t a-- the\ pre- 
sented themselves in practice, and how they were met The result 
was, that in one to two years he had mastered h -. business m bjth 
its aspects, and he is now, though still quite a ) oung m in, in my 
opinion, one of the foremost furnacemen in this country. Now, this 
would be my plan for making scientific practicians. 

If our graduates would only cultivate that very un-Americau 
characteristic, patience — learn to labor and wait — their success would 
come sooner and be more assured. The man who iearns the art of 
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managing men, and to this adds a knowledge of chemistry and me- 
tallurgy, may become a giant, but with all possible learning, and 
wanting the ability to handle labor, which can only corae by the 
knowledge of what is required of labor, he cannot hope for any large 



This plan embraces another important point. Laboring men, as 
a class, are suspicious and unsympathetic, so far as their employer is 
concerned. By having associated with them, one becomes ac- 
quainted with their peculiarities, appreciates the difficulties they 
encounter, learns how to gain their good will, and this once gained, 
is enduring; and when the time comes for him to control, his power 
is well-nigh absolute, for he has learned when to watch, or relax, 
when to exact or indulge, when to be liberal or ivhen unsparing. 
His knowledge obtained from books and in the schools, tell hira 
what ouffht to be done; his practical experience shows hira how 
it can be done, efficiently and economically. 

Prof. E. H. Thurston. — I listened to the opening address of our 
President last evening with very great interest, and should have liked 
to have taken an opportunity to indorse the general accuracy and 
pratitical promise of his views, and his plan of securing a more com- 
plete and thorough technical education and training last night, but 
that I presumed that an hour would be set apart, for the considera- 
tion of the more novel and more important of the propositions, 
which were then made. I have been asked to open the discussion 
this morning, and have gladH promi-,ed to do so. 

I know of no subject which haa more direct bearing upon the 
prosperity of the profession than this, and there is certainly not one 
which has a greater interest for me, pei^onally. 

As a mechanic and a practitioner, I recognize the correctness of 
much that has been said of the " schoolmen." As one wiio has been 
accused — but I am afraid unjustly^ — of being one of those school- 
men, I agree in what was said of the so-called "practical" men. 
Undoubtedly, both classes can do more to make our methods of 
technical education and subsequent training satisfactorily effective. 
Each must, however, help the other, and the best work will be done 
when they work earnestly, persistently, and patiently, hand in hand, 
with a common and well-understood aim, and by well-settled plans, 
each helping the other by every means that tliought, observation, 
and experience can suggest. 

The questions how, when, and where the requisite combination of 
theoretical and empirical knowledge of the principles of professional 
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practice, ami the experience needed to make that knowledge most 
readily and fully available, are to be obtained by the aspirant, have 
been present in the minds of all thinking members of the profession, 
from the time of that great engineer, the Marquis of Worcester, who, 
two hundred years ago, proposed the establishment of technical 
schools. 

It has appeared to rae that we may pursue either of three distinct 
courses, in the attempt to effect this generally admitted essential 
combination. I say generally admitted, because there are members 
of acknowledged high standing in the profession, who assert that, 
however desirable in itself the education of the schools may be, no 
man can afford to give the necessary time to its acquisition. I am 
told by a friend, for whose views I have great respect — a gentleman 
who is justly distinguished as an engineer — that no man can attain 
full success in business, who has not gone into the business at so 
early a period in his life, that it is physically impossible to preface 
entrance upon his life-work by more than the rudiments of a com- 
mon-school education. He insisted that only the man who began 
his actual practice of the profession, at an age at which his powers of 
observation and his ability to acquire by memorizing and by tactual 
experience are most fully available, can succeed. 

While acknowledging that these views have much truth underly- 
ing them, I presume that very £e\Y would agree to the final deduc- 
tion made from them. We may find a great difference of opinion, 
as to how much time the young man can spare to the pursuit of 
scientific professional knowledge, but we shall rarely find an advo- 
cate of its complete abnegation. The question to be discussed here 
is certainly not whether the young engineer shall have a technical 
training, but whether he shall secure it in one way or another of 
several proposed methods. We are not asked whether he shall 
have such an education and training, but how shall we give it, and 
when should he seek it, and where, 

I have said that I would specify three courses, cither of which 
may, perhaps, accomplish the desired result. These are: 

First. That method which is most usually adopted, in which the 
student is given his education, and is then sent into business. 

Secondly. That which gives the boy a common-school education, 
then sends him into the office, or the field, or the workshop, to ac- 
quire a certain amount of practical experience, business knowledge, 
and general development, and finally places him in the technical 
school, to obtain the professional education and scientific basis for a 



jgk 



TECHNICAL EDUCATION. 31 

sound reputation, which can there be best and most readily given 
him. 

Thirdly. The eourse which, although usually most difficult to 
pursue, is, if I may judge from observation and experience with a 
considerable number of instances, the most perfectly and econom- 
ically successful. That is, a mixed course of study and practice, ex- 
tending throughout the early life of the man up to his final and 
complete immersion in the practice of his profession. 

It is possible that I may be influenced by that prejudice, which 
most men have in favor of a course which has answered its purpose 
more or less fully iu their own cases, or in cases which have ap- 
peared to them illustrations of great or of even moderate success; 
but I believe that the boy who, with natural predisposition toward 
a certain branch of engineering, spends his weekly holidays and liis 
vacations playing about the workshop, growing up in contact with the 
workmen, and witnessing continually all those operations which, as 
he becomes old enough, he learns to conduct himself, imbibing, with 
that wonderful accuracy and rapidity for which boys are remark- 
able, all the traditions and recognized principles of shop practice, 
learning the construction and use of tools, and now and then ac- 
quiring the art of manipulating a machine or handling a tool, I be- 
lieve that this boy will most easily and perfectly secure the technics 
of his profession.* 

The course adopted generally in this and in all countries is the 
first of those specified. The boy is sent to school, and is given the 
usual common-school education. Upon concluding this course of 
study, he is sent to the college, or the technical school, and a four 
years' course of higher education having been completed, he is sent 
into business at the age of twenty or thereabouts. 

He has then been engaged in the work of the student all his life; 
habits of study have been formed, and usually he has become, to a 
certain extent, unfitted for the vastly diiferent kind of occuiJation 
which is now to be taken up. He has acquired habits of study, a 
good memory, and the ability to utilize it thoroughly, and has 
learned to make logically correct deductions from properly grouped 
facts. He lacks usually, however, the power of quickly perceiving 
and promptly acting upon such perception. He probably lacks de- 
cision, has lost some of that strength of character which may have 
been his by inheritance, and he has none of that experience which 

* See nute on pnge 40. 
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is esseutial as character and knowledge to success in business. He 
may possess a great store of learning, botli genera! and profesaional, 
a well-trained mind, a sound judgment, and all that scholastic 
habits and training can give him, but he lacks the no less essential 
knowledge of men and of things which he can only obtain by a per- 
sonal contact. He cannot manage his employfe without either making 
unreasonable demands upon them or yielding to them more than is 
just. He knows nothing of methods of conducting business, and 
cannot have become accustomed to the hard rubs which so seriously 
disturb the tyro, and which so often discourage him at the outset. 

Habits acquired in youth are always difficult to modify in later 
years. His habits are those of the student, and he must inevitably 
find it a seriously difficult matter to acquire the peculiar and distinc- 
tive Imbits of the business man. Once succeeding, however, he will 
rarely fiiil of full success. 

The exceptional course in this country, and I presume in Europe, 
is the second of those outlined. The boy goes to the shop, or the 
office, immediately after completing his grammar or high school 
course, and leams the trade which leads most directly toward the 
profession which he proposes to enter; or, under the tuition of some 
practitioner, he acquires a knowledge of the ordinary routine of 
work and some idea of the character of the greater problem which 
he may expect to be confronted with in later years. 

Arriving at the age of twenty, he sees the advantage of the pos- 
session of a knowledge of the science of his profession, and he leaver 
his practice for a time and devotes himself to study in some technical 
school. 

His difSciilty now is to acquire habits of stndj' and the student's 
power of making his own that knowledge which he finds in books, 
and of grasping experimental data and of collating essential fiiets 
and grouping them systematically, and of deducing from them gen- 
era! laws of precise definition, and of well-determined range of ap- 
plication. He has to reacquire the mathematician's power of basing 
upon a statement of accurately defined conditions generalizations 
which find practical application in every department of human 
knowledge. He lias to regain that fondness for research and study 
of which his business life has done so much to deprive hini. 

On the other hand, he has learned by experience to prize knowl- 
edge, both for its own sake and for what it will enable him to ac- 
complish. He has learned in wJiat direction he is to expect most 
aid from literary attainments and seientiiic knowledge. He can, to 
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a certain extent, distinguish between those branches of study which 
give only a meatal gymnastic training and those which enable him 
to accomplish two objects simultaneonsly,^ — to acquire a store of val- 
uable knowledge and, at the same time, to profit by a no less useful 
mental fulness of stature ; becoming more of a sage and more of a 
man at the same time. 

On the whole, I suspect that the advantages of this method more 
than counterbalance the disadvantages, and I have no doubt that, 
could this course be generally adopted, it would be seen to have an 
importance in the acceleration of professional progress which we 
probably hardly realize to-day. 

Two great obstacles intervene to prevent the general adoption of 
this plan. The first is that conservatism which always retards the 
introduction of anything new, and which usually makes it necessary 
to agitate for at least a generation before a really great change can 
be brought about. Even when all are agreed on the question of the 
propriety of a step such as this, it is usually a long time before the 
public inertia is fully overcome. This is well illustrated by the fact 
that the necessity of technical education itself — proposed two centu- 
ries ago, and fairly inaugurated a century ago by Vaueanson, the 
father of the great Conservatoire des Arts et Metiers at Paris — is 
only just now beginning to be universally acknowledged by even 
those who are not hampered by a traditional proclivity in favor of 
the old Greek non-utilitarian idea of a purely gymnastic system of 
education. 

The second great obstacle is the natural, and almost universally 
observed, reluctance of the young man, who has once become fairly 
inducted into business, and who sees opportunities opening to him 
in the immediate future, to give up all and to return to the school 
to secure advantages which his reason tells him are still more im- 
portant, but which he, nevertheless, cannot fully realize, looking 
upon them as he does from a standpoint which does not permit him 
to see them as distinctly as he may in after life, when experience has 
confirmed the previous judgment. An active, enei^etic, and am- 
bitious young man can rarely bring himself to the point of going 
back to the school after having once tasted the pleasures of success in 
business. Where this has been done, however, it has been almost 
invariably the fact, if I may judge from my own obser\'ation of quite 
a number of cases, the result is a most encouraging one. Could 
this plan be generally adopted, it would not only be decidedly better 
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for the young man himself, but it wouJd prove vastly better for the 
schools. 

The greatest difficulty met with in carrying out a satisfactory 
course of technical instruction in the schools, is that of finding stu- 
dents who have sufficient ripeness of intellect and of judgment, and 
sufBcieut physical strength to comprehend readily, grasp fully, and 
retain perfectly, the principles which are presented to them. Boys 
are sent to technical schools without well-developed habits of study, 
with insufficient and superficial preparation, with minds unripe and 
with bodies still taxing their systems by. the drain of that vital 
power needed in carrying on the operations of physical development. 
Were the last-considered plan adopted, tliey would come to this 
work, which demands all the powers of maturity, with body and 
mind fully developed, and with an understanding of the extent, dif- 
ficulty, and importance of the work to be done which would insure 
vastly better performance, and the accomplishment of vastly more 
in the time assigned to the course. The work of the instructor 
would be rendered more easy and more satisfactory to both himself 
and his pupil. The time would be far better utilized, and the 
greatest good would be accomplished in the given time and by the 
expenditure of the given amount of time and funds. 

It is in this direction, I am pleased to find, that our President is 
looking for higher efficiency in technical training. If the plan 
which he proposes, of making our lai^er manufacturing establish- 
ments advanced technical schools can be carried out, it will prove, 
I am sure, a long step in the right direction. The final portion 
of the work of education would be done at a time when the stu- 
dent has attained sufficient maturity to appreciate it, and in the 
midst of such influences as will most effectually impress its value 
upon him. I sincerely hope that a way may be found of initiating 
this method of tuition, and that we may soon learn just what we are 
to expect from it. Difficulties will undoubtedly arise, but with the 
exercise of care in the choice, from among the many of the few who 
are adapted by nature and inclination to the pursuit of the profession, 
and with tact on the part of the instructor and a hearty good will 
on the side of the manager of the works, both, hand in hand, work- 
ing for the accomplishment of an object the importance of which 
both appreciate, there can arise no insurmountable obstacle to final 
and complete success. When the schoolmen and the business men 
of the country put their heads together in the earnest desire to ac- 
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complish such aii object, their united efforts will vanquish apparent 
impossibilities. I think that I can see this good time coming. 

Mr. E. B. Coxe. — I, t-o a certain extent, had a practical educa^ 
tion before going to the technical schools of Paris and Freiberg. 
During a portion of my youth I lived in the Lehigh coalfield of 
Pennsylvania, and having a liking for such things, spent a great 
deal of time in the mines, machine shops, foundries, etc., of that 
region, and made and assisted in making surveys both above and 
below ground. I found this practical education of immense im- 
portance to me in my technical education, enabling me to under- 
stand the details of mining, eto., wheo listening to lectures by the 
professors and studying the subject in books. There is another point 
to which I would refer. The mechanics we have at present are 
often men who do not serve regular apprenticeships, or if they do, 
work only at one or two nearly perfect machines ; the amount of 
skilled labor in the large shops is being reduced to a minimum ; one 
man works almost all his life at one machine instead of at all sorts 
of Jobs. A carpenter, to-day, gets almost all his work from the 
mills, and is more of a fitter or joiner than a carpenter, and few car- 
penters work more than a year or two as an apprentice. Years ago 
a carpenter or machinist had to learn his trade thoroughly, and 
hence he was more familiar with the details of his business, and 
would not require foremen of such ability as at present. A mechan- 
ical engineer should therefore be acquainted with details of work, 
so as to be able to utilize these imperfect mechanics. A machinist 
must now go to a country shop, where the machinery is imperfect, 
in order to become a thorough workman in all the branches of his 
trade. I feel it would have been of great assistance to me in my 
edura.tion if, before going into the technical schools, I had worked 
practically in a machine shop and foundry for a year or two. 

In the paper under discussion, there is one point which seems to 
me to be worthy of more consideration, that is, what Darwin terms 
the survival of the fittest. We always hear of the one man who, 
from a common miner, becomes a coal operator, but of the 150,000 
other miners who do not we never hear anything. One thing that 
cannot be learned in the school, and which an engineer shouM know, 
is how to deal with men, how to make them work in accordance 
with his ideas. You may make a perfect plan, and have a com- 
plete drawing, but if you cannot impress your master carpenter, ma- 
chinist or blacksmith with the idea that you understand it, and that 
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it i^ a good thing, it wiil probably not work. They will get a bolt 
or something else wrong somewhere. 

Another trouble is the difficulty of graduates in understanding 
that they are not civil engineei's or mining engiueers, but only fitted 
to study the practice of those professions. The word engineer has 
become mixed in ita meaning. I had, some years ago, a cart driver. 
After awhile I employed him to look aft«r a small stationary en- 
gine. Now he is an engineer. I knew a slate-picker boy some 
years ago. After awhile he went with an engineer corps to carry 
stakes. He then became a chain man, then backsight man, and 
he got to use the transit instrument. Now he is an engineer. If 
business should grow slack, they go back to driving carts and pick- 
ing slate, so that many people imagine an engineer to be a person 
who drives a cart, runs a transit, piclis slate, or tends a stationary 
engine according as trade is good or not, and the popular idea of 
what is the proper pay of an engineer is too often based upon sueh 
conceptions of what an engineer is. Graduates should at firet be 
satisfied if they can make their board. They will generally make 
mistakes enough to cover what they think their wages should be. 

Me. Oswald J. Heinrich.~I have listened with great pleasure 
to the remarks made by Prof. Thurston, and I am extremely glad 
to perceive that he fully recognizes the principles indispensable for 
a thoroughly practical and theoretical education of young men de- 
sirous of adopting any of the technical professions for their future 
careers. I rise as a strong advocate of his last proposed course, 
which is, according to my judgment, based on a long experience in 
many different positions, tlie only thorough plan for ultimate suc- 
cess. The questions involved in this controversy are of such im- 
portance, that one interested in this subject as much as I have been, 
for more than thirty years, may be tempted to talk beyond the lim- 
ited time which can be devoted to this subject now. Permit me, 
however, to make a few remarks, taken mostly from my own expe- 
rience during business life, which has been based upon the courses 
pursued in my native country. 

There cannot be the least doubt, that at no time in the past has a 
partial education and training been sufficient for a man to fill, cred- 
itably, any position of im].Tortance in the various callings of the tech- 
nical profession, and we need not expect that it will be different in 
the future. While partial experience alone, after perhaps a lifetime 
spent in a particular calling, may fit a man for a specific purpose, 
facts are not wanting to show that even such a man may commit 
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great errors, or even blunders, in disregarding well-known princi- 
ples which would be thoroughly understood by one of far less prac- 
tical experience, but possessing a school education. It is true, a 
really good practical man, with indomitable energy, may succeed 
ultimately, but probably only after dearly-bought experience, which 
otherwise could have been avoided, and wasted time and money 
saved. This being the era when the state of cultivation of a nation 
is measured, to a great extent, by the most thorough use made of 
waste material, we may just as well say, also, that this should be 
extended to the imponderable items of time and brain. On the 
other hand, a young man of a thorough theoretical education may 
deliver a lecture before a set of practical men which would fill them 
with admiration and awe, and yet he might be puzzled by the same 
set of men if called on to show how to do some simple practical 
operation. But the result may be, that other practical men may 
exult over the apparent superiority of the " indomitable " spirit of 
the practical man (probably themselves too ignorant to judge of the 
cost of his experience), and sneer at the &ilnre of the scholar, and 
thus bring discredit on the attempts at liberal education of man- 
kind. A long life in various practical callings may fit a man to fill 
even eminent positions, and, by being cautions, he may avoid such 
losses as have been enumerated, while, on the contrary, the unprac- 
tical scholar, possessed, as it is frequently the case, of too much self- 
reliance and mere book experience, may waste time and money to 
overcome practical difficulties. It is therefore not surprising to see 
the scale often over-weighted on the practical side. 

It follows naturally, particularly in this country, that prefer- 
ence is given to the practical man. Unfortunately, for want of 
thorough understanding of the subject, the choice often falls upon a 
so-called practical man, and educational training has fallen into dis- 
repute. The great drawback to obtaining a thorough, practical, and 
theoretical education in tliis country, will probably be less found in 
the means offered, than in the unwillingness to spend the time and 
money necessary to obtain it. 

The order of the day in this country, " to make money," and, to 
a great extent, judging the capacity of a man according to the 
amount of money he has, or is earning, will unquestionably be a 
great drawback yet awhile. On the other hand, it is also impossi- 
ble to obtain sufficient knowledge and experience during a few years 
of training, and in one particular course of instruction. 

Taking my own experience, I had the good luck, from my early 
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boyhood until I had arrived beyond the years of maturity, to be alter- 
nately occupied in practical pursuits, and in receiving educational 
training, at schools of various grades. Until I had arrived at the 
age of twenty-three years I had never earned money worth speak- 
ing of, but spent my time from ray fifteenth year iu apprenticeships 
and going to various technical schools and public works. In my 
country, boys intending to devote themselves to technical occupa- 
tions generally pursue the following plan, partially even regulated 
by law. After passing through the higher grades of the common 
school {kohere Burgersohuh or reahchvle) up to fifteen or sixteen 
years of age, where even, to some extent, Latin and Greek, but par- 
ticularly modern languages, and the elements of mathematics and 
natural sciences form a part of the system of instruction, they are 
regularly apprenticed to the particular branch of business they 
intend to take up afterwards. As apprentices, they pass their regular 
time as carpenters, masons, pattern-makers, moulders, machinists at 
mines or furnaces, etc. Generally night schools, or schools during 
part of the winter (handwerkerschvlen) — industrial schools — are 
visited during their time of apprenticeship, the time so spent being 
allowed as regular apprenticeship. They receive little or no pay 
during this time, according to choice and circumstances. After 
spending several years in this way, they enter the higher grades 
of the technical schools or colleges, to pass through a thorough 
couree of scientific training, at the same time, in various ways, 
being constantly reminded of the practical duties necessary to be 
performed by them hereafter, by making excursions during the 
period of lectures, and during vacation visiting the public works 
and shops of the country. After graduating at these schools, they 
enter again for a time as volunteers at the different public works or 
private establishments, and are glad to be taken as such, without 
receiving any compensation, sometimes even paying for the privi- 
lege. After such a course, and proper examinations, they are only 
considered, even at private works, to be fit to take a subordinate 
position, and are often only too glad to get it. 

I consider a good general education more than desirable before 
entering practical life for various reasons. The principal reason is, 
that the mind of the boy is more susceptible to mental training and 
exercise. During his apprenticeship, or attention to practical work, 
he will find out the great, help he may derive from educational train- 
ing. This is kept up by attending the night or industrial schools 
during that time. These preliminary stu<lies, connected with prac- 
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tical exercise, will balance mind and body, both essential for a 
young man in those years of life. He will be by far a more attentive 
scholar at the higher grade schools, at least so far as my experience has 
gone, and will profit more by attending such schools than generally 
is the case with those who have first passed through the entire col- 
legiate or classical course of studies. I consider this a very natural 
consequence of the necessary course of studies in industrial schools, 
they being better designed to prepare for subsequent training than 
the old feculty studies of law, medicine, theology, etc. 

I can only say this much from my own experience, if I had not 
been trained and educated in such a manner as described above, it 
would have been impossible for me to fight misfortunes and igno- 
rance which are necessarily encountered everywhere, — in a foreign 
country particularly — such as it existed in former years even in this 
country, and to a great extent even now. 

A man who has chaise of a work may be as wise as Solomon, bnt 
if he cannot show that he can lay the hand on the wheel himself, 
his subordinates will not confide in him. And this is particularly 
necessary in times of danger and difficulties, which may arise at 
any work. Association during his early days with the different 
classes of workmen, will make him more familiar with their notions, 
customs, and even their tricks, besides giving him at least some 
mechanical ability. Even if his constitution is not sufficiently strong 
to do a full day's work of a laborer, he may be fully able to say 
when a man has performed a full and good day's labor. 

It is easy enough for men to manage a business where they are 
surrounded by good, able, and skilful men, or can get them at a 
moment's notice, as is generally the case in the old country, but it 
is absolutely necessary, in a partially settled country like this, for 
a man in such a position, to be in every respect capable of not only 
ordering a thing to be done, but also, if need be, to be able to roll 
up his shirt-sleeves, and show how it should be done. Men edu- 
cated in such a manner may even aid tlie working classes, who 
cannot devote their time to hard study, by giving them useful in- 
struction during their daily vacations as well as during evening lec- 
tures, and 1 have had opportunity to test this matter to my great 
satisfaction, finding our mechanics here willing enough to receive 
instruction when opportunity is offered. 

I will, in conclusion, only say to our young men, study hard, 
and as long as you can, but be also not afraid, if you can improve 
yourself by it, to soil your fingers or your coat, even if it is at a 
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more nuMlerate compensation than that of a first class superin- 
tend en t. 



Note by Peofessor Thurston.— The course of instruction in 
which worlvsliop and laboratory practice is given simultaneously with 
tuition, in the several branches of study considered essential to the 
proper preparation of the student for professional work is Ijecoming 
well recognized in this country as the most promising of good re- 
sults, and a few institutions are endeavoring to give their students 
such a curriculum. A number of new technical schools are about 
to be oi^nized, also, in which the same course will be attempted. 
Yale, Cornell, and Columbia, and the colleges at Bethlehem and 
Easton, and others, are pursuing such methods to some extent. The 
Rensselaer Polytechnic Institute at Troy set a good example of truly 
practical technical education many years ago, and the Massachusetts 
Institute of Technology is working in some departments on a similar 
plan. The Stevens Institute of Technology has been instituted, in 
deference to the character and wishes of the great engineer who 
founded and endowed it, as a School of Mechanical Engineering. 

In the Department of Mechanical Engineering of that school, over 
which I have the honor to preside, I have endeavored to make the 
combination of theoretical, empirical, and practical instruction, to 
which I have referred as the third possible course, as complete as it 
could well be done mthiu the walls of the college, and have com- 
plemented this tuition by as much instruction among the workshops 
and other establishments in the neighborhood of New York as op- 
portunity can be found for. It would be premature to report defi- 
nitely upon the result of this plan to-day. Several years must elapse 
before the real value of a method which aspires to make young men 
capable of going from the college into business and soon becoming 
efficient aids to older practitioners can be fully judged. I can only 
say that I originally allowed myself five years to determine whether 
it would be for my own interest to continue in a work which then 
seemed to me one of the noblest enterprises in which a member of 
the profession could engine, and that period having nearly expired, 
I am not inclined to feel less laith than I had at first in its success, 
and have not lost any of the enthusiasm with which I took upon 
myself that task. With less kindly, persistent, and cheerful support 
and example than I find in the presence of my colleagues and of all 
the officers of the institution, I may have had a different feeling; 
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but where all are working together in such a cause, discouragement 
should be impossible. 

The student at the Stevens Institute of T^hnology enters after 
very much such au examination as is prescribed in all colleges of 
standing, and studies four years, at the end of which time he receives 
a diploma, which is to be taken as evidence that he has pursued with 
credit acourseof study which is intended to be a suitable preparation 
for the commencement of actual work, and for beginning to learn 
the business of construction. He is called a mechanical engineer, 
which is to be interpreted as meaning that he is considered to be well 
fitted to become a good engineer. The first two years of his course 
are preparative, and during that time he is acquiring a good knowl- 
edge of the ordinary college courses in literature, mathematics, and 
the physical sciences, somewhat amplified and modified in directions 
which tend toward future practical applications. The next two years 
are devoted principally to professional studies, and to the applica- 
tion, in the laboratories and shops, of the scientific knowledge pre- 
viously acquired. The student works in the chemical laboratory, 
on analyses of ores, metals, and the materials which he expects to 
make use of in his future life. He spends a considerable amount of 
time in the physical laboratory, making experiments upon whatever 
has a bearing upon his professional work, and learning the methods 
and the use of apparatus which are needed in all work of precise 
measurement, and he there becomes thoroughly and intimately fami- 
liar with all that the college student usually only knows by hearsay 
and by eyesight in the auditorium. Here his hands become expert 
in manipulation, and he feels and realizes all that we, who were less 
fortunate in our college days, barely comprehended, and never fully 
appreciated. 

It is only here, and by these means, and with such actual tactual 
practice, that the student can be taught habits of accuracy, and an 
understanding of the difficulty which attends the acquisition of valu- 
able experimental data. His mental training here is by no means 
the least important part of the work. In mathematics he pursues . 
the higher branches, and devotes much time to applications through- 
out these two years. Hb instruction in the drawing-room extends 
throughout the full course. The earlier portion of this time makes 
him familiar with the use of instruments, and he gives much time 
to the graphics of descriptive geometry, and the studies to which 
that forms the introductory. During the final portion of his course 
in that department, if he has any inventive power or ability to de- 
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aign, he makes original designs of raachineiy and apparatus. The 
macliines for testing metals, and for testing lubricants made in the 
mechanical laboratory, were designed more or less entirely by stu- 
dents. 

In the department of engineering he devotes two years to the 
study of mechanical science, and to obtaining a knowledge of his 
materials of construction. He studies the construction of typical 
machines, and the form, as well as the theory, of the prime movers. 
He goes into the workshop two days in the week, and there learns 
the construction, the use, and the manipulation of machine tools. He 
acquires a little of the mechanic's "knack;" if he has a natural 
sleight, he gets a good deal of it. He there sees work going on in 
the hands of more experienced mechanics, and gradually acquires 
that kind of familiarity with such matters which is so essential to 
his future success. He goes into the little foundry and sees the 
moulder at work, and soon knows the technic of that business. More 
or less work in pattern-making, and the other subsidiary trades is 
usually going on, and he picks up enough in the shop, and fi-om the 
lectures on the trades, to be able to advance rapidly when he finally 
goes out into real work. 

The mechanical laboratory, which has been founded during the 
past year, is doing a considerable amount of work for private indi- 
viduals, railroads, and other large corporations, and has done much 
experimental work for the neighboring municipal, State, and United 
States governments. This has been of immense value in giving the 
students an opportunity to witness, and frequently to take part in, 
experimental determinations of important facts and data. 

They use daily the apparatus of the engineer in the lecture-room, 
and become familiar with the forms of the machines for determining 
the tensile, torsional, and transverse strength of materials, the steam- 
engine, indicator, etc., and occasionally have an opportunity to take 
part in the experimental work which is every day in progress. 
Students have taken part in tests of all kinds of materials of con- 
struction, of steam-engines and boilers, pumps, and other machinery, 
and have used the dynamometer, the pyrometer, and all the instru- 
ments used by the mechanical engineer in his professional work. 
They have taken part in some very important investigations and in 
some valuable original scientific researches. The exceptionally com- 
plete outfit of this mechanical laboratory, and the wide range of work 
obtained by it in doing its work, as a matter of business for all kinds 
of business men, gives opportunities which, confident as I was of its 
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ultimate success, did not, when I first attempted its organization, 
even imagine. It gives all these advantages, and, wliat is haivJly 
less important, it pays its own expenses. 

Viewing this experiment as a whole, from our present position, I 
can say that I see no reason to doubt that it is destined to prove 
itself as complete a success as its most enthusiastic friends have even 
hoped. 

I have given this somewhat full account of the way in which this 
problem of technical education is taken up at the Stevens Institute 
of Technology, partly as an illustration of an actual and earnest 
attempt to carry out the method which I have reterred to in my 
remarks, and partly for the purpose of giving those members who 
asked for more information a concise answer to their questions. I 
hope that I may have succeeded in interesting still more those who 
have exhibited a desire to see our methods of technical education 
perfected, aud a high " modulus" of efficiency attained. 
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THE JOINT DISCUSSION 

OF TEE AMERICAN SOCIETY OF CIVIL ENGINEERS 

AND THE AMERICAN INSTITUTE OF 

MINING ENGINEERS, 

At the Hall of the Franklin Isbtitittb, Phi lad elf mi, 
JuKK ISth, 1876. 



Mr. a, L. Holley, Member of the Avterican Socidy of dml 
Engineers and of the American Institute of Mining Engineers, called 
the meeting to order, and said : 

Gentlemen : The members of the Joint Committee of the Civil 
Engineers and the Mining Engineers, to whom was given in ehargc 
the arrangement of this series of meetings, had proposed to nominate 
its Chairman as President of this meeting, Mr, Henry E. Worthing- 
ton, who is, as yoo are aware, a thorough scholar in the principles 
of the profession, as well as a successful practician of wide reputa- 
tion in various branches of engineering. As Mr. Worthington has 
been to-day most unfortunately prostrated by illness, I will nomi- 
nate, confident of your approval, a member of the committee who is 
thoroughly conversant with its deliberations, and peculiarly coinpe- 
tent to preside at this meeting, Dr. K. W. Raymond, of New York. 

Dr. R. W. Raymond, Member of the Ameriean Institute of Mining 
Engineers, upon unanimous election to the chair, said : 

Gentlemen ; The formal title of President, which Mr. Holley 
has conferred upon the position of Chainoan of this meeting, has 
struck me with a little dismay, for it was my idea that this would be 
an informal conference rather than an organized, deliberative, and 
legislative assembly, but since there is to be a machinery, and a 
President, I think we cannot do better than go a little further. I 
would like to return the favor to Mr. Holley by nominating him as 
Secretary of the meetings. 

(Mr. Holley was unanimously elected Secretary.) 
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Now, gentlemen, a word or two may be well in introdncing the 
subject of the evening's discussion, partieiilarly as many who are 
present to-night may not be so well informed concerning the ante- 
cedents of this discussion as are those of us members of the Institute 
of Mining Engineers who were present at Washington on the occa- 
sion which gave rise to it, namely, the address delivered by Mr. 
HoUey, President of the Institute of Mining Engineers, at that 
meeting, on the subject of Technical Education. Portions of that 
address, and of the debate that followed it, have been sent to many 
of you by the Joint Committee, I have myself been requested by 
the Chairman of the Joint Committee to hold myself in readiness, 
in common with many other gentlemen who were expected to ex- 
press their views on particular branches of the question, but the 
unexpected duty of opening the whole subject seems to call for a 
more general statement, of an introductory character. I cannot 
hope to make it altogether comprehensive, certainly not so compre- 
hensive as I should have prepared to do had I anticipated that I 
should be called to this position, and not left to make my individual 
contribution merely to the drifl of the discussion. 

The question of technical education, as a whole, seems to me to 
have two principal bearings, the first being the technical education 
of the working-man, and the second, the training which should be 
given to those young men before, during, or after their school course, 
who pass through our technical schools in the hope of making for 
themselves a successful career in the profession of mining, mechani- 
cal, or civil engineering. And the problem presented by the first 
of these aspects, if once successfully solved, will perhaps throw a 
great deal of light on the solution of the second. I mean to say, if 
we could successfully solve the question of the ordinary education, 
preparation, and elevation of the working-man, in our industrial 
trades, we should thereby gain a great advance in regard to the 
education of the superintendents, manageis, and overseers. 

It has been found that a technical education, and special preparation 
of the working-man, in the trades represented by our profession, are 
absolutely necessary to him, to take the place of that system of ap- 
prenticeship which is now passing away, and to relieve the working- 
man from the restrictive influence of the new principles that have 
succeeded apprenticeships, and guilds, and caste, and paternal gov- 
ernment, and official direction iu every form. I speak particularly 
of our own land, where these old artificial restrictipns have been 
removed, and we stand in danger of another class of tyrannies oper- 
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ating upon tlie working-men. One of these is the tyranny of the 
worst phase of trade-unionism, occasionally known among us, and 
another is the division of labor. Trade-unions are by no means an 
unmitigated evil, hut all will admit that they may be carried to such 
extremes, and he so misdirected by ignorance or malice, as to become 
an overshadowing and stifling curse upon the community. 

It has been observed by all those who have had to do with labor- 
era in masses, that trade-unions cannot become thus powerful for 
harm, among men who are themselves so educated, and so emanci- 
pated, that they have individual and personal ambitions. In all 
ihisforw. of trade-unionism— and I am sorry I have no better name 
for it ; I do not mean to stigmatize the whole system — we have a 
despotism, the shackles of which hang like a millstone upon the 
limbs of the working-man. Good and bad workmen are put upon 
one level. Attempts to earn by extra work, to save, to study, to 
compete, to rise, are discouraged or forbidden. Against sucli a dead 
weight, crushing labor to a uniformity of despair or sullen indiffer- 
ence, the only available and effective lifting force is the intelligent 
ambition of the individual laborer. 

The great extension in modern times of the principle of the divi- 
sion of labor is another source of difSeulty, demanding the same 
remedy. It is not an easy thing to deal with a division of labor, by 
which tlie workman is becoming a specialist, and narrowed down to 
the doing of one thing which he can do, and do well, and which he 
is made to do all his life, if he is willing to do it. He becomes 
almost a part of some particular tool or process, unless he is pos- 
sessed of a fundamental education that will help him to turn his 
hand to other things. This evil is not yet, perhaps, so deeply felt 
among us as abroad. Our American mechanics and laborers have 
a certain readiness, superficial perhaps, but still qualifying them to 
do in tolerable fashion, upon short notice,, many things, and turn 
from one thing to another. This readiness, as Mr. Coxe remarked 
on a former occasion, can be got, not in a large shop, but in a small 
one, where there are fewer workmen, and greater variety of work to 
be done. In lai^ establishments, you know when a man gets to do 
one thing well, he is often obliged to stay at it. He is so skilful 
and valuable a workman in the spot where he stands, that it is to 
the interest of the employer to keep him there. But education, 
awakening and arming ambition, stimulating thought, and develop- 
ing ingenuity, affords an antidote to this evil. Technical education 
of workmen may become necessary, then, to remove the restrictive 
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influenees which I have named, and to give to them the Open Sesame 
so that they will have the possibility, if they have the ambition, to 
rise. 

The effect of such training of workmen mnst be studied chiefly, 
I am sorry to say, in foreign countries, our own being in this respect 
lamentably deficient, I cannot pause, in the brief period allotted to 
me, to discuss this portion of the subject ; but I beg to refer those 
Americans who take an interest in it, to a suggestive summary of 
foreign experience, contained in a little book on Technical Hduea- 
tion, by Charles B. Stetson, published in 1874 by Osgood & Co., 
of Boston. That account is far from complete. It does not make 
mention, for example, of the Stelgerachulen of Germany and Austria, 
for the instruction of working miners and metallui^'sts, which are 
among the oldest aud most successful efforts in tJiis direction. But, 
not to dwell upon these details, I wish to point out that such pri- 
mary culture of the working-men renders possible the system of 
promotion from their ranks, without which they are driven to the 
worst style of trade-unionism in self-defence, but idth which they 
are inspired at once by a laudable, honorable, and practicable ambi- 
tion. These effects can be observed in the operations of the Cooper 
Union in New York — an institution which I need not pause to ex- 
plain, still less to praise — almost alone in this country as a success- 
ful apparatus for the technical instruction of the laboring class. If 
the masses of our artisans, miners, and mechanics were possessed of 
such preparation in mathematics, drawing, and language as the 
Cooper Union schools bestow on their 1500 pupils, then there would 
be leas difficulty in selecting from the bench, the lathe, the engine, 
the stope, and the furnace, men capable of rising to the intelligent 
control of great establishments. 

But, it may be said, how will this help the case of those who, after 
years of study in colleges and scientific schools, find it impossible to 
gain entrance into practice? If even now, when nine workmen out 
of ten are mere drudges at a specialty, and incapable of promotion, 
our school graduates find it hard to get places, what wiU they do 
when workmen are educated? I reply, that they will be forced, 
probably, to begin as workmen, but that such an apprenticeship will 
be fer less difficult than now, because it will be served among com- 
rades who have learned the meaning and value of science, and who 
will gladly co-operate in the exchange of ideas and experience. This 
is not a mere Utopian dream. The fellowship of knowledge is a real- 
ity, aud comes to pass whenever the vulgar scorn which the ignorant 
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feel for learning, and the vulgar scorn which the indolent feel for 
labor, have been swept away by the simple expedient of making the 
worker study and the student work. You might as well tell me 
that if I were hungry, hut had plenty of water, and should meet a 
thirsty man with plenty of bread, we could not come to an under- 
standing and aD equitable exchange, as to tell me that theoretical 
and practical knowledge cannot complement each other under such 
eircumstences. 

But the present practical difficiilty still remains, how to give to 
students, either before, during, or after their course of technical 
study, a knowledge of practice, such as will qualify them for posi- 
tions at least of subordinate rasponsibility, and put them in the line 
of promotion. In the admirable address of President Holley at the 
Washington meeting of the Institute of Mining Engineers, a plan 
was suggested which merits not merely discussion but trial. It 
proposes a- period of practical instruction in the shop or works, after 
the student has received a good degree of preliminary culture, but 
before he has begun his strictly technical studies. I shall say a few 
words on this plan as applicable to metallurgical industry, for it will 
not liave escaped the attention of those who heard or who have since 
read Mr. Holley's address, that its suggestions more particularly con- 
cerned the mechanical engineer; and the question at once arises 
whether his plan is necessary, feasible, and advantageous to the me- 
tallurgist. 

1. In the first place, it must be recognized that metallurgical pro- 
cesses involve more and more the arts of civil and mechanical engi- 
neering. They are carried on upon a larger scale than ever before, 
and hence they require heavy constructions and complicated ma- 
chinery. For a great part, perhaps tlie greatest part, of the duties of 
the metallurgical manager, whatever is necessary to the training of a 
mechanical engineer is necessary to him. 

2. It is more easily practicable for the student to gain a general 
acquaintance witli many mechanical tools and processes in metallur- 
gical works than in the machine shops themselves. Tor the repairs 
and alterations of machinery around such works give a variety of 
illustrations which the original construction in large establishments, 
where labor is rigidly divided, does not offer to the student or ap- 
prentice in any one department. But, on the other hand, the actual 
elementary knowledge is perhaps more difficult to obtain, because 
the operations at metallurgical works require, but do not train, 
skilled mechanics. 
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3. As to the manual part of construction — the masonry of fur- 
naces, for instance — it can be readily learned at the works, where 
consti'uctions are almost always in progress in some form or other. 
But I think that if the student has had beforehand suiBcient train- 
ing to understand the use of working drawings, and to be able to make 
such drawings, he will profit better by this practical experience. 

4. As to the purely metallurgical portion of the work, the chain- 
ing and operations of mills and furnaces, the sorting and testing of 
ores, the manipulation of products, etc., there is no doubt that a 
practical familiarity with the facts as they exist will facilitate the 
comprehension of theories and general rules. But the student can- 
not go far, and ought not to go far, without the aid of chemistry; 
and I am inclined to think that a general knowledge of that science, 
and some experience as an assayer, will prove most useful prelimi- 
naries. 

5. Is it feasible to introduce young men into metallurgical works 
on the footing of favored employes, that is, employes v/ho are not 
to be kept indefinitely at a single branch of the work, but who are 
to be passed from one department to another, until they shall have 
acquired familiarity with all, as a preparation for thorough study of 
the sciences underlying them? I think it is feasible in some kinds 
of works, and scarcely so in others. In gold and silver stamp-mills, 
for instance, the formal arrangement contemplated by Mr. Holley ia 
not neces-sary, A young man of intelligence, activity, and trust- 
worthy character, has only to make himself useful in any capacity, as 
laborer, bookkeeper, or assayer, around such an establishment, to 
gain the entrie to all its mysteries. And permit me to say here, 
that in small mining and metalhiigicai enterprises generally, I 
think the bookkeeper stands the best chance of promotion to the 
manager's place, when it becomes vacant, if he is ambitious, and 
makes good use of the opportunities to gain a knowledge of the 
whole business, which no other position otfei-s in equal measure. 
This is of course not always the case. In very large establishments 
the bookkeeper may be closely confined by the mere clerical 
drudgery of Ids place. 

In conclusion, I wish to emphasize what I remarked on a former 
occasion, that whether technical instruction be preceded or followed 
by manual practice, one thing must precede both, to insure the 
highest success in any profession, and that is general culture. For 
success is a social matter; it depends upon a man's influence over 
men. Knowledge of facts and laws in nature will not achieve it. 
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The most thorough metallui^st or engineer needs to be able to 
make other men reci^nize his ability. Nay, long before he can ac- 
quire thoroughness, he is dependent upou other men for every chance 
of practice. A liberal education gives power over men; and the 
technical e<lucation which gives power over matter will be twice as 
easily gained, and twice as effective when gained, if it is grounded 
upon the mental discipline and the moral strength of a culture wider 
than its own. 

The more one observes the careers of men about him, and the 
more one wrestles with. diffiGulties of one's own, the more profound 
becomes the conviction that a young man makes a great mistake, 
who, because lie is going to take a technical education in engineer- 
ing, deliberately decides that he will not have any general culture 
to begin on, I am not speaking of the men who, struggling against 
cruel necessity, make their way htmorably and effectually, in spite 
of early disadvantages. Such often win a place among the greatest 
names. But the reason is very simple. It is just the same reason 
as makes the Indian a hardy son of the forest. Excessive ex- 
posure, hardship, insufficient food and clothing, do not make men 
hardy; they merely kill off the men who are not hardy, and those 
who survive must be the vigorous ones. Poverty, ignorance, iso- 
lation, difficulty, are not elements of strength ; they are obstacles 
over which strength, and strength only, can triumph. Infinitely 
better they are tlian the luxury that drowns ambition and breeds 
swamp-gases of indolence and vice; but in themselves they are hin- 
drances. A man who is truly a man will not be enervated, but 
enlarged and stimulated by liberal culture. 

I would appeal to no one sooner than to our self-made men for a 
hearty recognition of the value of such preparation. They liave felt 
the lack of it too keenly not to wish for their children a better 
chance. Now, with due caution against the waste of time, I can- 
not doubt that a general culture, though it may not be the quickest 
preparation, will lead to the best results. I remember the remark 
of a man of great success and quick observation, who assured me 
that if his son would become a metallurgical engineer, he would put 
him through college first, and let him begin his special studies after- 
wards. I am not prepared to say that an entire college course is 
necessary, or that it is the best preliminary course, though I have a 
high opinion of it, but something equivalent to it, or to a part of it, 
that is, what our Grerman cousins give to their young men in the 
Gpniumum. They give to them a liberal culture in the beginning; 
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and it is a very remarkable thing, that amongst the many skilful 
metallui^sts and mining engineers from Germany with whom I 
have had the pleasure of becoming acquainted, I have found a large 
proportion who had learned Greek and Latin, could perhaps even 
play on some masical instrument, and were widely acquainted with 
literature. 

Finally, we must recognize the feet that individual character is, 
after all, the decisive element in success. We may devise plans 
without end to facilitate the manufacture of skilful engineers, but 
the men who have fidelity, honor, virtue, courage, and that genius 
which has been well defined aa the power of application, will make 
their way surely to the top, either by the help of our arrangements, 
or in spite of them all ; and of these born and bred leaders of the 
profession, those who have the broadest culture, other things being 
equal, will stand easily first, 

I will now call upon Mr. Thomas C. Clarke, of the American 
Society of Civil Engineers. 

Me. Thomas C. Claeke, Member of the British Institution of 
Civil Engineers, vwmber of the Sodety of Civil Engineers, and of the 
InsHtuie of Mining Engineers. 

Mr. Chaieman : All will admit that education by books and 
education by practice are both necessary to a perfect system. The 
practical question that we have to discuss is, " What or how much 
shall he taught from books, and what or how much by practice?" 
Let us once satisfectorily answer this, and the rest is easy. The time 
to be occupied in each and the order of study is of minor importance. 

Civil engineering is what is generally termed one of the practical 
sciences. A practical science is the application of scientific laws in 
various departments to serve practical ends which govern their se- 
lection and application. 

Thus civil engineering being the art of scientific construction (of 
constraction in accordance with the laws of nature, and not in igno- 
rance of or against them), selects from the abstract sciences mathe- 
matics, and applies its branches of geometry and algebra to survey- 
ing and measuring. It selects from physics, chemistry, geology, 
mineralogy, etc., whatever is necessary for its pui-pose, and cai'es for 
nothing else. The pursuit of abstract science meets with its respect, 
but does not command its attention. 

The study of the abstract sciences should be thoroughly pursued 
before we begin to practice, for that is the only time that we can 
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properly give to it. The application of these abstract sciences should 
be left until we come into practice, because men engaged in practice 
are best able to judge properly how that application should be made- 
Practice is constantly changing, and the applications of science have 
to be modified daily, 

Moreover, the power of observation will not be thorouglily ac- 
quired until the student goes into active practice, while in the 
schools he deals with the symbols of things, and often does not 
recognize the thing itself when he sees It. 

The schools should confine themselves to teaching principles only. 
That moment they attempt to teaeh the application of these princi- 
ples to practice, and endeavor to teach their students how to design 
cars, engines, and other machines, permanent way, bridges, roofs, 
dams, and such pieces of construction, they either are ten to twenty 
years behind the age, or else they incur the ridicule of practical men 
by teaching how to make something of no use. 

I have already expressed my views before the American Society 
of Civil Engineers as to the order of study that I would recommend. 
This, however, is of minor importance as compared with the previous 
question of wfiai to study. 

I would recommend that the engineering pupil get as sound a 
genera! education as possible, including the principles of the sciences. 
Let his early education be rather that of general culture, developing 
his mind, strengthening his powers of observation and judgment, 
teaching him to generalize. This course he should, if possible, pur- 
sue up to the age of eighteen or twenty. Before that age the mind 
and body are not generally sufficiently developed to endure the 
physical hardships of engineering. Then let him spend several years 
in practice in the machine shops, in the field, in the drafting-room, 
and in the ofRce. Let him learn to deal with men and things, and 
to understand the conduct of affairs. Whether he will return to his 
books again depends upon what sort of a man he is. 

I believe that all men, or nearly all men, from the natural con- 
stitution of their minds, &11 into one of two classes. 

They are either the men of executive ability, the practical men, 
par exceUeme, those who have a natural talent for affairs, the organ- 
ization of labor, and the direction of men ; or else they are the men 
of science, the investigators, the men who are hungry for knowledge, 
and will learn the reason why. Very rarely one man unites btith 
qualifications. James Watt did, and so did Professor Morse, but 
such men are rare. 
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If the young engineer belongs to the executive class, having once 
plunged into practice, he will probably never go back to his books. 
But the other kind of man will do so, either by himself or in the 
schools. When he will have found out exactly what his deficiencies 
are, and he will l>e able to judge (much better inmost cases than his 
professor can) what it is desirable for him to learn, you may be 
sure of one thing, he will study the principles of science, and pay 
very little attention to their application as taught in the schools. 
He will not spend his time over the pages of Eankine, learning how 
English permanent way was made twenty years ago, before Mr. 
Bessemer was heard of. Whatever he studies will be of value to 
him, and no one can judge of that better than he can. 

One thought more and I have done. To all classes of engineering 
students let me point out the immense value of acquiring and fully 
undei-stauding the scientifio method. 

This is, first, the art (for it does not come by nature) of observing 
facts and acquiring data ; second, of observing the relations of phe- 
nomena and of drawing conclusions therefrom*; third, of verifying 
those conclusions by observation and experiment. 

Robert Stephenson, in alluding once to the vast progress of mod- 
em engineering, in which he himself had borne so distinguished a 
part, said : "We found it a erat^, and we have left it a profession." 
Tliat is to say, it had been put on a scientific basis, and by the use 
of the sdeniific metJtod. This, after having been applied to the 
construction of railways, is now beginning to be applied to their 
management, and the results are remarkable, and promise to be 
more so. 

To give an instance. The invention of the recording dynamome- 
ter, by Mr. Dudley, enables us to determine the resistance of trains 
at different rates of speed, and consequently of the number of foot 
pounds of energy required to move them, which is only another 
name for cost. 

It was formerly the opinion of practical men that ten mile." per 
hour was the most economical speed for freight trains. The instru- 
mental observation shows that eighteen miles per hour is really the 
most economical speed. Perhaps ton miles was right in the days of 
iron rails, but now with steel rails and better rolling stock eighteen 
miles is the proper rate. 

But how long would it have taken the man who was not possessed 
of the scientific method to find this out? And consider the value 
of the information thus obtained. It means postponing the cost of 
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constructing additional freight traflks, until the freight business has 
reached a point nearly double that which it was supposed would re- 
quire them. 

Other instances might be given of the value of the scientific 
method, but this is enough. 

Captain Douglas Galton, F.R.S., of Lumhn. 

Mb. Chairman and Gentlemen : I have so little knowledge 
of the American system of education for engineers, that I fear I 
may add very little to your information on this subject, except by 
perhaps giving a short account of the arrangements which have been 
made by our Indian government for the purpose of endeavoring to 
create a department of civil engineei-s for India. The Indian gov- 
ernment has recently, that is to say, within the last three years, under- 
taken the construction and supervision of a much larger share of the 
public works than it had previously done. It decided to make new 
railways under its own officers ; therefore it required the assistance 
of a large body of engineers. The lirst idea was to obtain the as- 
sistance from the civil engineers of England, and to induce young 
men of that class to go out and accept service under the Indian gov- 
ernment as civil engineers; but the civil engineer is, as you are well 
aware, a very expensive creature, if he is trained sufficiently in prac- 
tical skill to be of real value. 

The government of India were not disposed to pay for the article 
the amount which was required to purchase it. After the failure of 
that experiment, in consequence of the inadequacy of the terms 
otfered, the Indian government determined to create a school of their 
own, and they have established, at a place called Cooper's Hill, near 
London, a college of civil engineering. The pupils for this are 
selected by competitive examination, and they are then subjected to 
a course of technital education. This course is admii-able as a theo- 
retical course ; the young men are taught, as far as possible, a cer- 
tain amount of each branch of engineering. This is the theory, but 
the real difficulty lies in giving a practical education to young men 
in the schools or in colleges. You may teach them by models the 
art of bridge building, or the principles involved in the construction 
of revetement walls ; or you may cause various sorts of work, as a 
plaything, to be executed by or under the eye of the student ; but 
it is perfectly impossible that those difficulties of engineering which- 
are of daily occurrence in actual works, and which are the things 
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that give the engineer his real practical knowledge and education, I 
say it is impossible that these can be taught in any schools. The 
young men, wlien they leave Cooper's Hill, proceed to India, and 
arc placed under government engineers. It is almost too soon to 
say what the result of this will be, but I think it is not difficult to 
predict that it cannot have so favorable a result for the government 
as the result would have been if they would have been willing to pay 
for students who had been educated under our leading civil en- 
gineers, the price which would have attracted them, and it was not 
a very large price that would have attracted them. 

There are two causes which militate strongly against the success 
of such a system. 

First, the career of these young men depends upon their being 
regarded with a friendly eye by their superiors ; that is to say, that 
promotion more or less depends on favoritism. 

Secondly, government service is antagonistic to Inventive genius; 
its leading principle is that the younger men should conform to the 
precedents established by their superiors. No encouragement is 
given to the development of new ideas. 

Of all professions the civil engineer's is the one of which new 
ideas are the life's blood; it is, therefore, the one which should be 
least trammelled by being made a government department. 

It is noteworthy that the colonial office, which has jurisdiction 
over certain of our colonies, and is independent of the Indian office, 
has recently generally selected the civil engineers for service in the 
colonies from the civil engineers of England, and this plan has proved 
very successful at no inordinate cost- 
In some of these colonies where considerable works go on, as rail- 
ways and roads, they have an organized service of civil engineers, 
which has been selected from pupils of the civil engineers in Eng- 
land, and their chief advisers in the selection have been our leading 
civil engineers. Moreover, the system at Cooper's Hill is very similar 
to that which had long prevailed in India, namely, that of employ- 
ing the officers of the Indian engineers on public works. These 
officers used to have the same sort of theoretical education as the 
Cooper's Hiil students— perhaps not quite such a high one — they had 
not the opportunity of getting that practical knowledge which is 
necessary to an engineer, and they therefore had to acquire the prac- 
tical knowledge at the expense of the government, and many serious 
errors were made in construction from that cause. 

It is a far more expensive thing to pay for the education of engi- 
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neera by means of their failures, tlian it is to purchase the educated, 
practical engineer, at the highest price in the market. I was not 
aware that the question to-night was to embrace so large a field as 
the President shadowed forth, or I should have taken more pains to 
give you further information on another branch of technical educa- 
tion, namely, that of the technical education of working-men, be- 
cause in England we have a recent exaniple of the efforts made to 
improve the technical education of the artisan, by that eminent sci- 
entific machinist, Sir Joseph Woodworth, who has put in trust a sum 
of two hundred thousand pounds for seholarahipa, to be given to the 
working-men who will distinguish themselves in a technical examina- 
tion, and these scholarships are for the purpose of allowing a certain 
sum yearly to students for a limited number of years, to enable them 
to have an opportunity to improve themselves in their education. 

I will briefly lay before you a few points as to the sort of educa- 
tion civil engineers receive in England. First tliey receive a liberal 
education at some school or college, and then the rule is that they 
go as regular or apprenticed pupils to a leading civil engineer for a 
specified time, and they pass from that state of pupilage into assist- 
ants, and finally they settle themselves on their own basis. Me- 
chanical engineers invariably serve as pupils in the shops of some of 
our leading machinists, and tliey, as a rule, pass through all the 
mechanical processes in these shops in detail, as well as through the 
drawing office, and the model-room, as a part of the course. 

Mr. Robert Stephenson once said to me that lie considered that he 
owed a great part of his success in life to his father, old George 
Stephenson, having insisted upon his working in the model-room of 
the foundry for a whole year, or two years, before he would allow 
him to proceed to other classes of work. He said that gave him 
such a power of judging of the forms of things, that it was of im- 
mense benefit to him, I would only add, in conclusion, that how- 
ever much education >ou mij give a ycung man, you can at most 
only teach him how to leirn The real education is what he gives 
himself )fkr he leaves his mitructots It will always depend upon 
the \oung min himself whethei he mikes in engineer or not. 

Me. Coleman Sellers, Member of the Amerioan Society of Civil 
Engineers and President of ike Franklin Indihde, 

Mb, President and Gentlemen : Mr. Holley some time ago, 
inclosing a copy of a circular which I hold in my hand, asked if I 
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would apeak on the subject of the Technical Education of Engineers, 
as such education relates to machine shops and foundries. In prepar- 
ing mentally what I should say this evening, I naturally thought 
only in relation to the qnesdon here asked, "Shall a course of in- 
struction in works precede, accompany, or follow that of the tech- 
nical school ?" but so much has been said to-night about the tech- 
nical education of workmen, that I can hardly avoid saying a few 
words on that subject. 

More than fifty years ago, a few earnest mechanics of the city of 
Philadelphia met together, and feeling that they needed some means 
of instruction not obtainable in the ordinary course of their lives, 
founded what they called the Franklin Institute of the State of 
Pennsylvania, and in time came to occupy the building in which we 
are now holding this meeting. Almost the first act of their exist- 
ence was the foundation of a school for teaching drawing. For very 
many years there were no schools in Philadelphia to teach mechani- 
cal drawing, other than the one existing in this building. 

From the Franklin Institute drawing school sprang the Women's 
School of Design, which has since grown in usefulness, but if at the 
present time you examine into the free school system of Philadel- 
phia, and I imagine of some other cities, too, you will find that it is 
with the utmost difficulty that the teaching of drawing has been in- 
troduced. It has been declared by the authorities in some instances 
that there shall be drawing taught, but practicably there is none, 
even with such a rule existing. Now, Mr. President, I hold that the 
very foundation of all engineering practice is the knowledge of that 
language which is the universal language of tlie world, the language 
of the pencil, a language expressing in form what we desire to ex- 
plain. 

If this language of the pencil could be taught to all children, 
even if they did not get quite so much grammar and quite so much 
of some other branches in the schools, they would be better fitted to 
be workmen, and would make better workmen, too, hut, unfortu- 
nately, everybody has not the same idea. The tendency of the 
school system of the city of Philadelphia tends directly towards 
making young men accountants or traders, or, it may be, giving 
them an idea that they are to be doctors, or lawyers ; and not one 
word is taught them in the direction of the industrial arts. They do 
not have a chance to learn the meaning of the commonest terms of 
the machine shop or the foundry, or of any of the trades. Now the 
want of this system in the public schools underlies the whole trouble 
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of technical education in America. We do not in the common 
schools impress children with the desirability of earning their living 
by handicraft, nor do we train their minds to fit them to direct the 
hands of others in the industrial arts. Least of all do we give them 
any hint of what they want if they are to be engineers. Some 
technical education is needed to prepare them for a higher practical 
capacity on leaving the schools. The high schools now, it is true, 
t«aeh many things that are very usefnl for them to learn, and too 
much cannot be said in praise of what is really the People's College 
of Philadelphia. 

Now, in regard to the question of what shall be done with our sons, 
assuming that we would like them to be engineers, to follow in onr 
footsteps. I am sure there is no father who listens to me now, who 
has not had this subject very seriously brought to his attention, 
For my part, I speak feelingly and from my heart, when I say 
that it is a question which cannot be always satisfactorily answered. 
I considered it gravely for a long time before I concluded what was 
the best thing to do with my own sons, and I may say what I have 
done with them is what I think is right for others to do witli theirs 
under similar circumstances. I cannot but indorse Mr, Clarke's ad- 
vice to secure for our boys in their education, as broad a foundation 
to stand upon as possible. I am sure this cannot be done by send- 
ing them to a public school only ; they should have some college edu- 
cation; colleges properly organized will grow into favor as training 
schools for engineers. I am not sure that the ordinary university 
course of Latin and Greek is the best, but even this has its advantages, 
provided the young man can spare time enough before entering upon 
his life work to obtain some scientific training besides. I really think 
it would be a good thing for our young men to go through a thorough 
collegiate course, and then take something of a scientific course. But 
the end seems to be more nearly met by establishing in all our uni- 
versities, scientific schools. Where such schools are founded, the 
student will enter college, and may work for two years with those who 
are studying a regular classical course. They will learn much that 
will be of great use to them in atier life; they will master language 
so as to obtain the power of intelligent expression of their thoughts; 
they will understand the use of words better than those of us who 
have not had these early school advantages. The ability to tell other 
people precisely what they think, and what they want to impress 
upon them, is in itself a power. Their minds will be expanded, and 
in the course of two years, they probably may have found out what 
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they want to do in the future, though I do not think that any boy, 
and when I speak of a boy, I speak of one under the age of eigh- 
teen or nineteen, can possibly tel! what will be the proper place for 
him to occupy in this world. 

There is a place, I presume, for everybody, and each will aft«r 
awhile drift into his proper place, and may become distinguished in 
that place if he can fill it properly. In illustration of this drifting 
into place, I would add, that if you will go upstairs, and look over 
the roll of memhers of the Franklin Institute, through its fifty years 
of existence, you will find names of members there, with their occu- 
pations opposite to their names as they wrote them at the time they 
signed. You will find one name there that I well remember, and 
opposite that name you will read the word "bricklayer." He is now 
a very celebrated architect. And so with the name of another mem- 
ber of the Franklin Institute, who is really a very able mechanical 
engineer, and quite a goo<l constructive engineer. Had he signed 
his name to that constitution, when he was some years younger, you 
wonid have found opposite that name the word "shoemaker." Now, 
that niian at that time, I have no doubt, was an excellent shoemaker, 
but he had in him the making of an excellent constructive meelian- 
ician. Since then he has found his proper place. If we could de- 
termine exactly what our boys are likely to be, what would be the 
best for them to do, then we could look over the course beforehand; 
but as we cannot do that, I think the position held by Mr, Clarke 
is exactly the one that should be pursued, and that is, to give them 
as broad an education as possible, but in giving them this education, 
I would like to have one idea pretty well emphasized, and that is, 
that a college will not teach them anything at all of practice, but 
that it will teach them what they want very much to know, and that 
is, how to study. They will surely learn methods, the methods of 
thought; they will by application study lessons, obtain a correct 
knowledge of the habits of thought, and methods of scientific inves- 
tigation. Thus they will learn that they must never try two experi- 
ments at the same time, if they want to arrive at the bottom of any 
matter. They will realize the advantage of making one experiment 
at a time, and, eliminating all tlie errors, finally come down to the 
hard facts which they are seeking for. This is one thing they learn 
to do. Now it makes no difference if they cannot see how they are 
going to apply this when they come into the workshop. My word 
for it, they will see its value when they are once at work, and engaged 
in digging their own way through sometimes very rough experience. 
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Then it is they will turn back to the knowledge stored in their minds 
at college, and readily apply it to their work. But to reap the full 
advantage of all this, they must come out of college feeling that they 
are technically, perfectly ignorant; they must be willing to learn of 
practical men what constitutes the practice in machine making. If 
a young man can have a proper education in that way, and be in- 
duced afterwards to enter the shops and work his way up, begin- 
ning at the very bottom, and never shirking any work because it is 
dirty or disagreeable, you may depend upon it, the young man will 
grow up to make his mark in the world. These qualities obtained 
by education may be developed into administrative ability, and show 
their usefulness in making the boy a man capable of leading men. 
The troiible with most young men who have gone through their tech- 
nical course is, that they feel they have spent a great deal of time 
in acquiring knowledge that should make them full-fledged me- 
chanical engineers at once. They enter the shops, and feel sadly 
disappointed at meeting the young men who have no education, and 
are vastly their superiors in mechanical skill. This position, how- 
ever, holds with them only for a very few months, because their 
habits of thought make them consider the reason why this or that 
thing is done, and when they have special training they rapidly go 
beyond those who have not had the same advantages. It is safe to 
say, that a young man, af!:er passing through college properly, and 
having a good sound education, who determines to succeed in the 
workshops at any hazard, will in two years make himself so valu- 
able in the position that he occupies, as to be elevated by his em- 
ployer into something higher. 

Now I say that I thought of this very deeply in the case of my 
own sons, and I did precisely, and I am doing precisely what I 
have just told you. I was not at all surprised, when I found my 
eldest son, after leaving the nniversity, accepting a position in the 
workshop a little better than a common laborer. He commenced 
by chipping the scale ont of the boiler. I tell you it was the best 
thing for him, because he made a beginning at the bottom, and did 
not shirk his work ; it was as much as fc say that he was willing to 
learn all that could be taught him in the shop, and he rapidly rose 
to a position higher than many who had been longer at work, but 
who had less hook learning to back them. 

It is impossible to make engineers out of pupils who have not 
engineering ability. There must be something in them that will 
compel them to take it up as a profession, and succeed in it. I am 



3 0, Google 



TECHNICAL EDUCATION. 61 

now clearly of the opinion that as it is not in the power of most 
young men to take the college course, and then afterward to take 
the technical course; that it is far better for them to obtain what 
scientific knowledge they can in a good college, or in a technical col- 
lege where something else is tanght besides the exact sciences, where 
they can be taught the languages, not the dead languages but the 
modern languages, and taught at the same time rhetoric, composi- 
tion, and all that will enable them to express themselves; and by all 
means let them have a good sound basis of mathematics before they 
venture their education in the workshops. Then when they have 
entered the workshops there will be time to acquire technical educa- 
tion without schools. I have no doubt that many who have been 
liberally educated, have, after entering the shop, felt the want of 
some technical education, and have broken away from the shop, and 
gone into schools to learn. They felt the need of obtaining more 
knowledge, and that the time they spent in the college or school 
was not sufficient. 

I do not think it advisable as a rule, however, to take the boy 
from the workbench and send him to school a second time, I have 
in some instances noted the effect of such a course upon young men 
to be disadvantageous. If the boy has left school too soon, and 
feels afterwards the want of more knowledge, it is well enough, if 
he can, to return to his studies, but such return makes sometimes a 
disadvantageous break in his habits. I look upon it rather as a 
means of mending a defect in education rather than a course to be 
pursued as prearranged with an object. By not attempting to teach 
too much "practice" in the schools, time is left to give a good 
grounding in generalities, which cannot fail to be of use in any walk 
of life, and which can be better acquired when one is young. The 
practicing engineer has not only to master his profession, but lie must 
learn how to place himself and his works before men so as to be seen 
of them and appreciated by them. He requires a very extended 
knowledge; all learning will at one time or another be of use to him ; 
and habit-9 of study, which will enable him to continue a student to 
the end of his days, will the more readily fit hira to rise in his pro- 
fession, and make him a lea<ler among men. 

The Chaieman. — What Mr. Sellers has so well said with re- 
gard to the ability of trained men, posse&sed of lilieral education 
for mastering new problems or new brauches in applied science, is 
very admirably illustrated in the case of a gentleman upon whom I 
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shall now call, a fellow-laborer of mine, and one of the old mem- 
bers of the Institute of Mining Engineer^!, who nas once a very- 
good lawyer, but who made up his mind, v, hen necessity called upon 
him, that what anybody else could learn, a lawyer should be able to 
learn, and who took oiF his coat and went to work at his own blast- 
furnace, and became an excellent blast-furnace manager, 
I call upon Mr. E. C. Pechin, of the Dunbar Iron Works. 

Me, E, C. Peciijn, Member of the Institute of Miniiig Engineers. 

Me, Chairman and Gentlemen: In being called upon to 
speak at this point in the proceedings, I feel very much like a 
Lazarus sitting at Divea' gate. 

After the admirable addresses of the chairman and of the gentle- 
men who followed him, so little 'remains to be said that I feel as if 
my part must consist in simply picking up the erumbs that have 
fallen from richer tables, 

I can only discuss the question from one standpoint, that of a 
blast-furnace manager, as I am not sufficiently familiar with other 
brandies to give an opinion of any particular value. 

I cannot too heartily indorse the remarks of the gentleman who 
has immediately preceded me as to the vital importance of a liberal 
education as the groundwork of a professional career, Modedy is 
one of the most charming and valuable of human characteristics, 
As a young man lays broad and deep the groundwork of knowledge, 
as he eularges the range of his acquirements, as he gathers informa- 
tion from varied sources, as his mind becomes widened, broadened, 
and liberalized, so does he feel his own insignificance, and how little 
he knows compared with the illimitable and exbaustless fields of the 
unknown lying before him. 

The most unbearable of creatures is the youth who, thinking he 
knows everything, practically knows nothing; and if, by a liberal 
education, we can help to secure modesty, certainly a vast deal has 
been done, not only for the individual, but for those with whom he 
is to be brought in contact. With a liberal education as the ground- 
work, a subsequent technical education becomes an element of great 
power. 

As far as regards blast-furnace management, the schools can 
effectively precaJe actual practice. A young man who looks- forward 
to the position of manager of blast-furnaces of the present day can- 
not have too thorough a technical education, as his duties will be of 
the most varied character. Heretofore very many establishments 

— >^ a- 



TE( HMf AI FZtr 



have been content to mnke iron out of purchased imtenaK, but the 
tendeocy now ib to concentrate the niuun^f of ore'- and coi! and the 
making of coke and iron all under one genenl mina^einent, srieatH 
increasing the duties and lesponsibihties ot the minagei ind de- 
manding of him 1 lirger knowledge 

Though henia\ ha\e efficient onboidinates in \ incus depiitmenfs, 
he must be able to under-tand and check their work, and he ■vviil 
find it extremelj useful to be aomethin^ of a m.ison, bncklayei, and 
carpenter, largely i auive;tor, engineer, and methinn,, and well up in 
the general principles of chemistry and metallurgy. 

Hence it follows that the course in the technical schools cannot be 
too varied, and the best plan for an earnest student to pursue, while 
thoroughly mastering the particular branch selected as a specialty, 
is to get the groundwork of as many collateral branches as possible, 
as he will find in his after-life that nothing will pay him a larger 
dividend than varied knowledge. 

After the schools, practice — not the practice that many of our sci- 
entific fledglings expect-— a good salary and comfortable quarters, 
strictly business hours and social enjoyments — but earnest, hard, often 
disagreeable, and, it may be, poorly paid work, commencing at the 
bottom and going resolutely through, until all the details of his 
business are familiar to him. All the knowledge of chemistry and 
formulas in the world won't help a furnacemau if his scales are out 
of order, if the fiimace has slipped, or water is going into his cru- 
cible. The most perfect furnace and the best stock can come to grief 
if the materials are not properly filled at the tunnel-head. 

I would start the graduate in the office, to become familiar with 
the method of keeping accounts. Many a hardworking iron-man 
has been insensibly ruined by faulty bookkeeping. Thence to the 
weighing department, to find out how to receive supplies and ship 
products. Defective scales or false weighing may knock the bottom 
out of an otherwise fair balance-sheet. Thence into the labor gang 
of the furnace, helping, filling, firing, keeping, until he is acquainted 
with every-day furnace life, the petty mishaps, and the more serious 
complications. From his fellow- work men he can learn a vast deal 
that will be immensely usefnl in his after career. He will discover 
how many work intelligently, how many work honestly but igno- 
rantly, and how many stupidly or wilfully shirk. At any rate 
he can find out the peculiarities of the averse working-man, how 
distrustful and unreasonable at one time, and how geuerous and con- 
fiding at another. He ought to iearn how to win the working-man 
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to his future support, and' if he does this he will possesss the power 
to snatch many a victory from the jaws of apparent defeat. 

To sum up, first college, then the technical schools, then thorough 
practice, to make a good iron-master, provided always that the sub- 
ject has the right stuff to. start with. As Mr. Sellers's remarks have 
suggested, "You can't make a silk purse out of a sow's ear." If a 
youngster has shown himself a good student, practice will soon prove 
whether he will make a good manager. If the neeessary qualifica- 
tions are wanting, he will soon find his true level, bat if they are 
present he will, by adopting the course su^ested, rise surely and 
rapidly. 

Quite apart from the financial and commercial results which will 
inevitably follow, his life will prove a success to himself. The habits 
of the student will cling to him through the busiest practical life ; 
his desire for knowledge will never slacken ; the scientific research 
of the world will become his property ; aud he can appreciate and 
practically apply what others have done and are doing ; he can un- 
derstand ingly avoid the blunders, and intelligently appropriate the 
discoveries of his fellow-men, and possibly and probably will in turn 
benefit others by the results arising from the combination of a con- 
stantly ripening intellect and an ever enlarging practical experience. 

Thus we shall have a thoroughly skilled mechanic, and .at the 
same time, what is quite as important in my estimation, a broad- 
minded, intelligent gentleman, equally at home in his overalls among 
hia men, or in his dress-suit in the society of the cultivated, refined, 
and intellectual. 

Col. W. Milkob Robeeis, Viee-Pres'ident of the American Society 
of Civil Engineers. 

Mh. Chaieman : " The Joint Committee of the American Society 
of Civil Engineers and the American Institute of Mining Engineers 
on Te<^hnical Education" having requested me to join in the discus- 
sion, I cheerfully accede to the request, the discussion to be chiefly 
upon the following questions : 

" I. Should a conrse of instruction in works precede, accompany, 
or follow that in the technical school ? 

" II. Is it practicable to organize practical schools, under the di- 
rection and discipline of experts, in engineering works?" 

Being less familiar than many of my brother engineers with the 
details of modern technical teaching, my best excuse for entering at 
all upon such a discussion may be found in my acceptance of the 
proposition, that " in a multitude of counsellor^ there is wisdom." 
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I look back over my own experience, beginning many years ago, 
in the practice of engineering, when there was no such thing in 
this country as a technical school in any branch of engineering — ^in 
fact, before engineering oould be considered established as a profes- 
sion. There were engineering works here long before that, and, of 
course, engineers, but the time had not yet arrived when engineers 
were in sufficient numbers, or in sufficient demand, to support regu- 
lar schools of technology. On this very site where we are now as- 
sembled, and in the old Carpenters' Hall, back of Chestnut Street, 
about fitly years ago, I was taught in a night school, architectural 
drawing {under the auspices of this same Franklin Institute) by the 
late John Haviland, an eminent architect of that day. This, com- 
bined with mathematical training (in the daytime) in the school of 
Joseph Roberts, then the best mathematician of Philadelphia, aided 
by his interesting weekly experiments in chemistry and philosophy, 
was the germ of the technical education of the time. It was prior 
to the era of railroads; hydraulic works, canals, etc., constituted the 
chief engineering employment of the few engineers then in the 
United States. 

If I am not in error, this very society, the Franklin Institute 
(which has so kindly tendered us the use of its halls and library, 
and the most liberal personal attentions to both of our societies), was 
the first substantial practical movement in the direction of technical 
education, though b^inning in a comparatively crude manner. Yet 
I am well satisfied that the lectures that I heard in the rooms of the 
Franklin Institute, which I always attended when I could, laid a 
good foundation, which no length of time could impair. Therespected 
professors and teachers of that day have most of them long since 
finished their labors in this world, and may be laboring, for aught 
that we know, in another and more refined sphere of action. They 
have gone, but their works live after them. In weakness and inex- 
perience they laid the foundation walls of the Franklin Institute, a 
little more than fifty years ago, and now nearly all its early mem- 
bers have departed, but the Institute has thriven and grown to 
man's estate, and it would be very difficult to estimate its real value 
as a fector in the technical education of the American engineering 
mind. Certainly it has been very great, partly in its preliminary 
training of youth, partly in its valuable practical lectures to young 
and old, partly through its numerous important scientific commit- 
tees, and largely through its monthly publications, which perma- 
nently embody a large amount of technical knowledge, valuable not 
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only to the student, but to professional men of every grade of expe- 
rience. I have, on the spur of the moment, interjected these remi- 
niscences, iii the hope that they will not be deemed entirely irrele- 
vant to the subject in hand. 

In regard to the training of young men of the present day for the 
profession of engineering, there are some preliminary considerations 
which it appears to me have not yet received quite as much atten- 
tion as they seem to deserve, and they are becoming more important 
every day. It is but a few years since engineering in general took 
rank as a profession, and wc look back to a yet shorter period when 
schools of any kind undertook to teach engineering as a specialty in 
any of its present branches, military, civil, mechanical, and mining ; 
but modern progress has been so rapid, and operations demanding 
skilful engineering experience have so increased in number and 
magnitude, that already these several branches have become in them- 
selves sciences, 'requiring for their proper development and treat- 
ment appropriate, distinct schools. All of tlicse branches of engi- 
neering have assumed definite shape during the present century, and 
chiefly during the last fifty years. Not that there was no military, 
civil, mechanical, and mining engineering prior to this century, but 
that the business and wants of mankind had not yet advanced suffi- 
ciently to necessitate the formal organization of such professions. 
Since the introduction of the railroad and telegraph, with steam as 
the great motor for all kinds of machinery and transportation, an 
almost unnatural impetus has been given to all branches of engineer- 
ing, and now we have schools and colleges specially devoted to the 
teaching of our youth, not merely in the preliminary or elemental parts, 
but iu the more advanced and practical portions of these sciences, 
and annually there are now numbers of young men, who have passed 
through the prescribed course in their respective institutions with 
sufficient credit to entitle them to their diplomas, sent forth to take 
their chances for employment in some one or several of the branches 
of engineering. 

Under such a comparatively indiscriminate system, two results 
follow, one, the spoiling of intellects which might be much more 
advantageously employetl in some other business of life ; the other, 
the general public loss from incompetent engineering service. It 
may be said that the professions of divinity, law, and medicine are 
exposed to similar mistakes and similar consequent unfortunate re- 
sults. This is probably true, and perhaps the same general remedy 
may he applicable to all. It is certainly true that all the students 
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in any profession cannot arrive at the head. Some must be lower 
in the class than others, and some mast be near or at tlie foot. 
Shakspeare says, "some men arc bom to greatness, and some 
achieve it;" it may be added now, "by diligent labor and untiring 
perseverance." Hence a course that may be appropriate and advis- 
able for one student, may not be so for another. 

AptUude for a particular profession, and even for a particular 
branch of it, if it be engineering, has not yet been adequately 
studied or cared for by parents and guardians of children. The 
idiosyncrasy of every being is his own, and it is unchangeable, and 
it is possible, with proper care and judgment on the part of the 
parent or guardian, to learn its nature in their children or wards, 
before determining the particular plan of their education. There 
are undoubtedly legal, medical, theological, architectural, mechanieal, 
and engineering minds, which, if properly trained in their natural 
channels, may become not only useful, but distinguished, and which, 
if directed and persistently held in the wrong channel, may prove 
to be abortions. 

Regard being had to the aptitude of the individual, the particular 
course which may be advisable in his special case, should depend 
measurably, and perhaps considerably, upon the branch of engineer- 
ing which seems to be best suited ta his idiosyncrasy, whether mili- 
tary, civil, mechanical, mining, etc. While there may be a few 
insfauces of men whose minds and pursuits enable them to shine 
and to be more or less successful engineers in most of these branches, 
as a rule, those who attempt to figure in many will be likely to fail 
in some, if not in all. At the same time, an engineer in any de- 
partment should of course be more or less fiimiliar with the leading 
principles of all the cognate branches. Yet, with every year's aug- 
menting experience in the world, the necessity for these separate 
branches will become more apparent, and a larger share of atten- 
tion and time will be demanded in the individual pursuit of each. 
Science grows with the growth of the world. 

It may be necessary, or at least advisable, when considering the 
subject of the proper method of training the young engineer, to 
have special reference to the particular branch of engineering he in- 
tends to follow. For any branch there must of course be a proper 
foundation, to the extent of a good English education (if German 
and French are added, it would be decidedly advanti^eous}, and 
a ready use of figures, and of mathematical principles, to precede 
both technical engineering study, and practice — this in any branch. 
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In mining engineering particularly, the student to be reasonably 
accomplished, should also understand chemistry, as well as geology 
and mineralogy. In the other branches of engineering, chemistry 
may not be so necessary or imi>oi'tant, although it is a kind of 
knowledge which is useful to all engineers. An accomplished civil 
engineer should be ^miliar with mechanical engineering, and not 
ignorant of mining engineering, though he need not, necessarily, be 
an expert therein ; it could hardly be expected of him. His chief 
or highest duties are not embraced in either of those branches, and 
his principal requisite is ready, sound judgment, and the more this 
is strengthened and confirmed by experience, the better for his em- 
ployers as well as for himself Sound judgment can never be wholly 
the result of education, either technically in the schools, or in engi- 
neering practice, because it does not always accompany knowledge 
or even experience. For civil engineering, the teaching and training 
in those higher schools, where this department, with the use of in- 
struments, is a regular course, the student can learn all that it is neces- 
sary for him to know, before taking a very subordinate position in 
a regular engineer corps in the field, where he would still have much, 
very much, to learn, wliich cannot be conveyed to him thoroughly 
in an)^ other than this final school. One who would be a first-class 
mechanical engineer, as soon as he has the proper foundation of 
schooling already mentioned, should get at once among mechanics 
and mechanical practice, joining to his practice an intelligent study 
of principles, and gathering to himself the technicalities as he ad- 
vances. Something, too, depends upon the special branch of me- 
chanical engineering he may wish to follow. Mining engineering 
during the present century, and especially during the last forty or 
fifty years, has become a highly important branch of modern engi- 
neering, and only in technical sdiools -of mines, or among mines, can 
it be thoroughly learned. The proper foundation referred to above 
is, of course, essential to the satisfactory advance of the student. In 
addition to thb a taste for the profession, as well as the talent to enable 
him properly to exercise it, are indispensable to distinguished success. 

I am leas femiliar with modern mining engineering as a science, 
than with any of the branches of engineering, and do not therefore 
feel competent to advise mining engineers as such, hut from the 
drift of my remarks it will be observed that in a general way my 
experience would seem to favor first, the laying of a good founda- 
tion — a sound preliminary education, and secondly, going to work 
upon it as soon as possible thereafter, in the particular branch of 
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engineering the student intends to pursue. If that preliminary 
education could have the great advantage of such schooling as the 
President of the Mining Engineers, Mr.HoIley, has indicated among 
actual works, it would surely be the very perfection of a foundation. 

After all, however, those who would be engineers, or their parents 
or guardians for thera, should have some reliable assurance that some 
kind of engineering, as a profession, is likely to be the best for the 
particular individual, and then, the kind of engineering should be 
determined upon and constantly kept in view during the preliminary 
or preparatory education. 

I can speak freely in regard to civil engineering, from long experi- 
ence, that in the United States at least, it has become of a very mixed 
nature, and that of those who have latterly entered into it, many have 
been sadly disappointed and very few quite satisfied. Many who 
without due consideration have rushed into the profession, would have 
done better for themselves in almost any other business or profession . 
Civil engineering has been largely overdone. Perhaps the same 
general remark may he more or less applicable to the other profes- 
sions, although (^ireumstauces peculiarly favored a large accession to 
the ranks of civil engineers. 

Since, however, the profession of engineering in its several branches 
may now be regarded as established, and as special profcssoi-shlps 
and special training in those branches respectively, in schools, must 
materially conduce to the permanent benefit of the pupils, and con- 
sequently of the profession, it would appear particularly in mining 
engineering, that a course of instruction in works should accompany 
that in the technical school. In mechanical engineering very much 
the same system would seem to be highly desirable. 

In military engineering, in the national school at West Point, this 
is precisely what is done. Practice, so far as may be, goes hand in 
hand with technical teaching. In civil engineering it is practicable, 
only to a certain limited extent, when compared with the wider field 
which must at a later period be occupied. 

It may not be equally practicable to organize "practical schools 
under the direction and discipline of experts in engineering works," 
in all of the branches of engineering, but in mining and metallui^ical 
engineering it seems to me to be quite practicable and desirable, 
likewise in mechanical engineering. In civil engineering the real 
school is largely in the field, beginning with the rapid preliminary 
explorations of lines of canals, or railroads, or projections of water- 
works, etc., extending through the processes of provisional and final 
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locations, up to the planning and construction of the varioua works 
and structures appropriate to the particular improvement. Those 
who by great experience become experts in civil engineering, are 
usually too closely occupied in the professional conduct of works to 
take an active op controlling part in the business of educating 
younger members, excepling as above indicated, by having them in 
their corps on active duty of some kind. The day may come in this 
country when civil engineering may assume a somewhat different 
shape, liut at present it appears to me that the polytechnic schools 
in our country, in which civil engineering is a leading feature, fur- 
nish adequate training for young men desirous of becoming civil 
engineers. Of course the more thoroughly the teachers are them- 
selves grounded in the practice as well as the principles of civil en- 
gineering, the better it is for the pnpils, though it may be well to 
consider that the most expert, and the most experienced in practical 
engineering, are not necessarily the best teachers. There are men 
peculiarly well adapted to shine and succeed as teachers of young 
engineers, who would not be selected to take the responsible prac- 
tical management in particular lines of civil engineering, while there 
are many instances of good practical engineers who would be likely 
to do no honor to a technical professorship. 

Mr, AshbbIj Welch, Member of the Amet-ican Soeiely of Civil 



Mr. Chairman : I suppose all agi-ee that the future engineer 
should remain in the school or college till he is eighteen or twenty 
years old, and should get all the general education he can, up to that 
time, before he begins his professional education. 

But experience shows that a long course of technical study, pre- 
ceding and unaccompanied by professional practice, is highly inex- 
pedient. I propose to glance at some reasons why it is so. 

The object of the philosopher is to attain scientific results ; the 
object of the engineer is to attain directly beneficial ends by using 
those results. One gets up the tools, the other works with them. 
Engineering education should therefore aim at readiness and skill in 
the application of science, rather than at scientific investigation or 
accumulation. The habit of mind good for one, is, when carried 
far, bad for the other. Too long study of science without applying 
it in practice, induces a habit of allowing knowledge to lie dormant 
in the mind, of regarding it as end, not as means, and to a greater or 
less extent, produces incapacity for applying it. 
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Many years ago, a foreigner was found on a work under my 
chaise, plying fclie shovel and wheelbarrow, who had acquired a 
large amount of knowledge by years of study at a continental uni- 
versity. But though he knew so much, and. was so expert in ab- 
stract science, he was unable to make any earthly use of it. He 
could not be taught to apply it to anything. In learning a giant, 
he was a child in everything else. Thi.s may be an extreme case, 
but it illustrates the tendency of all study and no practice. 

On tlie other hand, practice keeps one on the qui v-ive to^know the 
reasons for doing things, and the laws that operate. Old George 
Stephenson, for example, picked up a great amount of knowledge, 
because his practice made him hungry for it, and enabled him to 
assimilate it. Men of practice came to know, by what looks like in- 
tuition, things that science teaches other men only by a long course 
of reasoning. The habit of applying knowledge is more influential 
in inducing men to acquire it, than the possession of it is in inducing 
them to apply it. 

A liabit acquired in the practice of turning knowledge to account, 
is more valuable than a large amount of knowledge. In Franklin's 
time, myriads of men had much more knowledge than he bad, but 
his habit of applying it made his little more valuable than their 
much, ■ 

Of course a man must have some science before he can apply it. 
But this he can get at school, or college, or in a short course at a 
technical school, while bis mind is yet flexible. But a long course, 
reaching to a more mature period oflife, fixes in the now rigid mind, 
a habit unfavorable to engineering success. 

It can hardly be doubted that instruction in works should, when 
possible, accompany that in the technical school ; just as the young 
lawyer or doctor learns to practice while studying. 

Too much time spent on scientific abstractions and refinements 
(however useful such things may be to the philosopher), is more than 
wasted by the engineer ; it unfits him for practical usefulness. Ka- 
poleou said La Place was good for nothing for business ; he was 
always dealing with infinitesimal quantities. 

A general ought to have been a captain in his younger days, but 
if a man continues to perform captain's duty up to the age of fifty, he 
is not likely to make much of a general. So an engineer should be- 
gin low down. But the student should not be kept long in acquiring 
mere manual skill. What he wants is mental skill. He should be 
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practically familiar with iron, but it would do hini little good to be 
expert in making horseshoes. 

It is only early practice that can teach the self-reliance, energy, and 
enterprise so essential to an engineer's success. 

The engineer has to do with cases where the laws of nature act in 
different directions. Science alone cannot often give the exact re- 
sultant of those forces, sometimes unknown, often separately incapa- 
ble of measurement. Experience must give the habit of estimating 
what allowances should be made for unknown actions and unknown 
quantities. Men of science once told the engineers to make fish- 
bellied rails, so that they should not break in the middle. The 
foundry laborers that broke up pig-iron could have told them 
that the rails would break close by the supports. Science teaches 
that with perfectly elastic bodies the angle of reflection is equal to 
the angle of incidence ; practice teaches that with material bodies as 
they are, it never is. Time was, when for such reasons, there was 
some truth in the saying, that the stability of a structure was in- 
versely as the science of the builder. 

The best engineering is that which in tlie long run accomplishes 
the purpose at the least cost. The engineer should not be a mere 
engineer, looking only at engineering results, for then he will lose 
sight of their subordination to economic results. In this way so 
many parties have been ruined by splendid engineering. Actual 
practice, where money is scarce, is the best way to impress this on the 
young engineer. He should learn not to do, propose, or advocate 
anything that will not pay. 

The engineering books in our wchools often eontain rules deduced 
from the experience of other countries that are wrong here. Fiir 
instance, we were erroneously taught by English practice that fish- 
plates for rails should be only fourteen inches long, and that they 
should be of iron because steel would break. A young graduate 
once made a road for temporary use, and made the drains of cut 
stone, because his French text-book said that was the way to make 
them. It reminded me of what a man breaking stone once said : 
" For making roads I'd rather have one good broad-backed turn- 
piker than all the engineers this side " (Sandy Hook). Early 

practice can alone prevent these errors from taking too deep root. 

Leaving this part of the subject, I now propose to call attention 
to another and very important part of an engineer's education, 
using that word in its widest sense. I mean to inculcate as an 
essential feature of an engineer's character the strictest integrity. 
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One-eighth of all the wealth in the United States is railroad prop- 
erty. It is controlled by a few hundred men. Of these many are, 
or were, engineers. They were selected partly because their training 
fitted them for railroad management, and partly because they had 
a reputation for integrity. It is of the highest importance to share- 
holders and bondholders to find men perfectly trustworthy. No sane 
person will confide his property to a man of whose honesty he has not 
some assurance. Many a share would to-day bring ten or twenty per 
cent, more than it does, if it was certain that the management of the 
property it represents was, and would continue to be, perfectly hon- 
est. It is probable that character for integrity will soon be a much 
more influential element than heretofore in securing good positions 
and good salaries. The insurance the shareholder gets by the em- 
ployment of a man of known integrity is worth many times his 
salary. 

It is "therefore, to say nothing of higher reasons, of the greatest im- 
portance to an engineer, to have a reputation for honesty. It is a 
very essential part of his capital. 

But only a few individuals can be very widely known. Most 
men are therefore judged, not so much by what is known of them 
personally, as by the character of the class to which they belong. 

Hence it is of the greatest importance that engineers, as a class, 
should have a character for at«rn integrity. One of the aims of 
these societies, and of the schools for the education of engineers, and 
of the individuals interested, should be to secure this character for 
those whom they ree()gnize as engineers. To have the reputation 
they must have the thing itself; and they must keep out, and when 
it becomes necessary, weed out, tliose that are found not to have it. 

That this is practicable appears from what has been already 
effected, I will say nothing of our societies, though I think it is 
safe to assert that to be a member of either is prima facie evidence 
of integrity. I prefer a reference to the graduates of West Point, 
whose high tone has, with a few melancholy exceptions, carried 
them with unsullied reputations through temptations to dishonesty 
by which most other men have been overcome. 

Whether or not this end can be fully attained, or whatever should 
be the exact steps towards it, it should always be kept distinctly in 
view. One uppermost thought may here be presented, not suggest- 
ing any action by these societies, for that would be outside of their 
province, but for the consideration of each individual member. 
Most of us doubtieaa agree with the solemnly expressed opinion of 
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our own venerated Washington, that the only sure foundation of 
morality, and of course of the high-toned integrity that is so essen- 
tial, is the Christian religion. 

Peof. Faibman Eogeks, Member of the American Society of Civil 
Engineers. 

Mr. Chairman ; I shall naturally be disposed to treat the aub- 
jeet under discussion from the point of view of an instructor. For- 
merly Professor of Engineering in the University of Pennsylvania, 
and subsequently taking an active interest in that particular depart- 
ment of the University, the consideration of the subject has neces- 
sarily be.en constantly forced upon me. I have given it much atten- 
tion, with the result, that apparently a great many of us have reached, 
that it is a very difficult question, and that it is almost impossible to 
come to a positive decision upon many of the points which present 
themselves. 

We all so far seem to agree upon one point, however, and I most 
heartily indorse the expression that has been given to the opinion, 
that a broad, strong basis of cultivation is necessary to enable the 
averse man to obtain a reasonably high position in the profession. 
We must leave out of consideration those men who, by wonderful 
genius and enei^, or by extraordinary advantages of connection, 
attain a position which is not within the reach of the ordinary man. 

In technical schools, such as the Towne Scientific School of the 
University of Pennsylvania, we should aim at teaching the under- 
lying principles of science generally, and the application of special 
sciences to that branch of practice to which the student is directing 
his attention, with the greatest possible thoroughness. There is in 
my opinion a disposition in all onr schools and colleges to teach too 
many subjects, and an attempt to spread the time and effort of the 
student over too wide a range. 

That cannot be attended with satisfectory results, and I believe 
that we shall do best by adopting a small number of studies, veiy 
carefully taught, and reiterated in such a way, that the fundamental 
principles which underlie all the arts andsciences shall be thoroughly 
understood by the student, and shall have become an integral part 
of what we might call his mental life. 

In ray opinion the tirae at the disposal of the student, before he 
enters upon the actual practice of his profession, can be best employed 
in the schools, without practical work, further than the small amount 
which may be necessary to fix in his mind the theoretical principles 
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which have been presented to him, provision for wliich can be made 
by very simple workshops and laboratorias under the control of the 
professors. Beyond that, I doubt very much whether the attempt to 
combine practical with theoretical instruction gives an equivalent 
for the time spent, and I believe that the interruption of the course 
by a year or two years of practical work in a shop or in the field 
would not in the main be attended with any satisfactory result. 
Habits of continuous study are formed with difficulty, and should 
not be broken in upon until the time arrives for them to b 
for habits of work. 

The industrious student may, with undoubted f 
his vacations in each year of his study in such observations of prac- 
tical matters as h3 may have opportunities for, a course which will 
result in fixing in his mind very strongly the principles presented 
to him by bis text-books and his instructors. 

There are so many things that can be taught properly only in the 
regular progressive methods of the schools, snch as pure and applied 
mathematics, and mechanics, and the like, that there seems to be 
every reason for embracing the opportunity which can never occur 
again, and requiring the student to devote his time exclusively to 
such subjects. 

Once launched into the hurry and excitement of practice, the 
young man finds the systematic pursuit of such knowledge difficult, 
if not almost impos-sible. 

Other subjects in the same category are those based upon the di- 
gested experience of many investigators, which, though to a certain 
extent empirical, and wanting the logical completeness of mathe- 
matical investigations, must be adopted as embodying the principles 
which nnderlie practice. 

Belonging to this class are the laws of the regimen of rivers, the 
action of currents, and the flow of tidal streams, or the various mat- 
ters of shop or constructive practice which a man must know thor- 
oughly at the very outset of his career, and which have been reduced 
to form by the labor of hundreds of individuals. 

We may be assured that the young man who goes out into the 
world with an entirely thorough theoretical education properly given 
to him by competent, progressive, live instructors, will be in a posi- 
tion in which he cannot make serious mistakes, and from which he 
will surely in the long run distance those competitors who are less 
thoroughly prepared. 

The absence of an exact knowledge of the principles which un- 
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derlie praotioe is, I think, painfully apparent in the larger number 
of so-calied practical men, and while we conatantly hear the prac- 
tical man regretting that he has not had the opportunity of obtain- 
ing that theoretical knowledge which appears to him to be so desir- 
able, we rarely hear the man whose theory has preceded his practice 
complain in the opposite direction. 

In a case that came under my notice some years ago, a portion of 
a new building was covered with a half-apan, lean-to, iron roof, from 
which was suspended a light ceiling which hid the framing from 
view. With the first heavy fall of snow of the succeeding winter 
the roof fell in, and the removal of the ceiling disclosed a curious 
condition of a&irs which accounted sufficiently for the accident. 

The contractor being sent for, expressed unbounded surprise, and 
insisted that, as he had put up several whole-spa.ii roofs, from the 
same drawing, of eighty feet span, this half-span roof of only forty 
feet ought to have been unnecessarily strong, and it was difficult to 
explain to him that, by cutting his drawing in two, he had con- 
verted an inch and a half round iron tension rod, which was amply 
strong, into a compression piece which was useless. In my opinion 
no properly educated graduate of an engineering school, in his first 
year of practice, could possibly make that mistake, and yet I am 
certain that similar things, coming out of well-known workshops, 
will present themselves to the minds of many of my hearers. 

A similar ease is stated to have occurred in England, where some 
wise individual attempted to give additional support to a whole-span 
iron roof which was thought to be rather light, by inserting a row 
of columns under the centres of the principal rafters, with the same 
satisfectory result. 

In individual cases the precise method of education may be modi- 
fied by the peculiar connections of the student giving him extraordi- 
nary fecilities in certain directions, but I would sum up my remarks 
by saying that the best time for a young man to acrjuire a systematic 
knowledge of the fundamental principles of his science is while he is 
in the school, and while he is attending to what Is usually called his 
education, and we may feel assured that he will rapidly overcome 
whatever temporary disadvantages he may labor under in the outset 
of his career for want of practical knowledge, and in a thorough and 
scientific manner apply those unchanging principles which have sunk 
into his mind and become a part of his professional nature. 
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The Chairman ; Gtentlemen, I think it is only feir that the 
individual wlio caused all thia trouble hy his words, and set the 
two societies by the ears, and brought all of us together here to 
debate and discuss, and shed various lights on the subject that he has 
made prominent, should have a chance along with the rest of us, in 
the general fray, and therefore I shall presently call upon Mr. 
Holiey to make his contribution. I ought to announce, that after Mr, 
HoUey's remarks we shall adjourn, to meet again in this place at 10 
o'clock to-morrow morning; and before he begins, I must assume the 
chairman's privil^e of speaking without leave, more than his share, 
in order to emphasize one or two things which this whole discussion 
has brought out. It has been a very remarkable discussion in some 
respects. The unanimity of feeling in one particular has been mani- 
fest, namely, as to the value of broad and general culture. This is 
very agreeable, because it shows that all the engineera are in favor 
of that thing; yet I may say that the parents in this country as a 
class are just the other way. When an American father talks of 
putting his son into any special profession he says, " I am not going 
to send my son to college, because he is going to be an engineer. I 
will take him out of college." He says, " My son is going to be a 
merchant; I will take him out of college;" and parents are all the 
time pulling their sons out of college because they are going to go 
into some special line. As I say, the tendency on the part of fathers 
is exactly contrary to the tendency on the part of exjxirts. A\''hen a 
man happens to be both an expert and a father, like my friend, Mr. 
Sellers, then the boy gets a wise preliminary training. But he 
has put his boy into his own line, and he understands what is 
necessary in that line. It is not difficult for a hen to bring up her 
chickens; it is when the hen hatches a duck that the trouble comes 
in; and it is the fathers who are ministers, doctors, and lawyers, 
who have seen some young men rise to wealth perhaps in engineer- 
ing, and have got a vague notion that it would be a good thing 
to make engineers out of their sons, it is such fathers who are 
apt to think they must take off a portion of the general culture, 
because they fancy it does not require so much general knowledge 
to enter the engineering profession. They may lie the soundest men 
on other subjects, but they know nothing about engineering. This 
subject has been condensed by my friend. Dr. Wedding, in a sin- 
gle phrase which was carelessly thrown out in his remarks, and 
which, perhaps, he did not consider specially significant to us : but 
it was very much so. When sketching the career of a young man 
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coming into life he said, "Well, thcu, at about twenty-five or twenty- 
six years of age, it is about time to begin to look about for some 
means of supporting himself, so tbat, when he gets to be thirty years 
of age, he has a pla<« in the world." We would think it was too 
much to expect a young man to wait until twenty-five or twenty-six 
before he actually cuts loose from the parental hearth. It is to the 
other extreme that we go, and the young men of this country set 
out ill life with too hasty a preparation — crammed, instead of trained 
at a much earlier age. 

One word more in regard to the suggestion of Mr. Welch concern- 
ing the value of general practice and general acquaintance with all 
the branches of practice on the part of the engineer. Everybody 
knows how hard it is to keep up in all branches and be master of 
all tlie branches. It used to be possible years j^o, but it is not pos- 
sible now. No one can do anything like keeping up with the pro- 
gress of the science of the present day. Humboldt was, perhaps, 
the last living man who kept pace with science in his race. It is 
not because we have not men of great mental power at the present 
day, but because the circle of knowledge has grown beyond the ca- 
pacity of the single mind. Yet there is always a certain ability of 
comprehension in a man who has become a master in one depart- 
ment. At the same time ho may keep up a general acquaintance 
with other departments, and be an appreciative listener and helper 
to the specialties in other lines. I only mention this because it is 
worth emphasizing that our technical societies are admirable agencies 
for maintaining this general acquaintance by agreeable social methods. 
As to the matter of integrity, spoken of by Mr. Welch, I would sug- 
gest that it ought to include more than financial integrity. Of those 
who are employed in a subordinate as well as in leading engineer- 
ing positions, tlie fewest number have to handle funds without any 
possibility of control. Where you tnist a man with a dollar once, 
or a hundred dollars once, you trust him one hundred times with 
some duty, the conscientious dischai^e of which involves really a 
larger amount. We as engineers should have that peculiar variety 
of integrity which consists in strict military obedience. If this 
is wanting at the scales and at the tunnel head, we shall not know 
what is going into the furnace, and all our science elsewhere will be 
in vain. 

I now call upon Mr. Holley to close this session. 
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Me. a. L. Holi.ey, Member of the Am^ncan Society of Civil Engin 
neers and the Ainerlcan Institute of Mining Engineers. 

Me, President : I shall refer only to one of the topics mentioned 
in the circnlar, and I shall endeavor to maintain the proposition that 
technical education in works should prece<le technical education in 
the school. 

Let us first clearly appreciate the proposition, and in so doing, 
answer the first and hastily considered objection that is often made 
to it. The proposition is not to send the uncultured youth into the 
works and then into the school, for the uncultured youth is fit for 
neither the works nor the school; but it is to send the graduate of 
the high-school, the young man of good general culture, well founded 
in mathematics and in the principles of physical science, first into 
works, that he may there learn from nature and from the actual pos- 
sibilities of labor and cost, the farther value and direction of technical 
studies. Whatwearesooften told, thatthe merecommon-school boy, 
or the machinists' apprentice, or the avenge mechanic in any depart- 
ment, will stick to his low place and in his narrow circle — tliat he 
would neither seek the technical school nor utilize its advantages if 
he did seek it, may be perfectly true, but it does not aflTect the system 
under consideration. In this system there are three distinct elements ; 
if one ia \vanting the whole fails. 

1st. The high-school, the liberal general culture to acquaint the 
mind with the history of human endeavor, and more important still, 
to discipline it in the niethods and habits of scientific thought. With- 
out this fundamental culture, the avei-age man — I beg of you not to 
keep calling up in your minds the exceptional ca.ses — without this 
culture, the average man will always keep in his low plane and hia 
narrow circle, whatever his occupation. To him, practice will 
teach nothing but skill, and the strictly technical school will be as 
an unknown tongue, I presume this much wi!l be universally ad- 
mitted, certainly it cannot be doubted, when we see the thousands 
and tens of thousands of young men, who never rise above the 
lowest stratum of mediocrity, not for the want of average ability, 
but for the want of that ambition which general culture inspires, 
and for the want of scientific methods, without which high achieve- 
ment is but the exceptional prerogative of genius. 

This much being admitted, the second element of our system, is 
practice in works or in the field. At this point, two diametrically 
opposite courses are advocated. We hold that practice is now neces- 
sary to fit a man for the strictly technical school. Our opponents 



3 0. Google 



DISCUSSIONS ON 



hold that the strictly technical school is necessary to fit him for a 
course of instruction in works. In order that there may be no mis- 
apprehension of our position in this matter, I take the broad ground, 
and I call upon the majority of men who have made engineering 
what it is in this centennial year, to bear me out in the assertion, 
that at this stage of a young man's culture, the strictly technical 
curriculum of books, is not only useless, but positively noxious. I 
do not mean mildly wasteful of time, but positively disseminative of 
eiTor, the marks of which can never be effaced. Let it not be sup- 
posed that we undervalue the technical school, on the contrary, if 
time permitted, we would quite as strongly oppose the equally absurd 
practice of neglecting at the proper time, the abstract principles, the 
formulated results and the refined methods, which can only be ac- 
quired in the .school, and which can only be acquired in a manner 
helpful to practice and to progress, when a touch of nature has re- 
vealed their significance. 

To illustrate the noxious effects of beginning a technical course 
with abstract principles and with whatever is formulated in books : 
It will not, I think, be questioned by experts, that the grand ele- 
ments of success in the management, for instance, of metallurgical 
manufactures, of machine building, of steam propulsion, of construc- 
tive engineering — elements far exceeding in importance the mere 
calculation of strains or the mere analysis of materials, both of which 
can be bought like the materials themselves — that the grand elements 
of success in malting all these engineering enterprise pay, are an 
intimate knowledge; 1st, of what, and how fast, and how long, and 
at what cost, the tools and implements and processes at hand will 
do wliat they are set to do; 2d, of what iron, and steel, and brass, 
and materials in general may be relied on to stand, not under uni- 
form stress as laid down in the tables, but under friction and heat 
and vibration and multiform stresses, and all the variations of quality 
due to imperfections of manufacture ; 3d, of cost as modified by all 
the risks of waste and loss by varying refractory materials, by 
breakdowns, by facilities of transportation ; 4th, of economy as pro- 
moted by keeping all departments of manufacture and construction in 
harmonious operation; 5th, and most important of all, of the man- 
agement of labor, founded on the knowledge of what labor may be 
expected to do under all the influences of trades-unionism and bonuses 
and lockouts. These are things which the young man who proposes 
to educate himself for leadership in engineering may not indeed 
know at once, with that nearness of knowledge which makes the 



„glc 



TECHNICAL EDUCATION. 81 

expert, but unless at the very outset of his technical course, in the 
novice's first period of susceptibility, his mind is moulded to grasp 
the great facts of his profession in the concrete, as existing in the 
subject itself, then the abstractas imparted in the schools will acquire 
8 precedence in all his mental processes, from which he can never be 
emancipated. This is the reason why the men who actually manage 
engineering works to-day, are so lai^ly sprung from the ranks, de- 
spite their want of scientific training, while so much uoble culture is 
year after year following after the phantom of abstract principles as 
dissociated from the subtle and ever-changing aspects of nature. 

I would further express the belief, contrary to the opinion of an 
expert with whom it is almost presumptuous to differ, that this con- 
crete knowledge of the profession cannot be formulated any more 
than — if I must use a strong illustration — than Ovid could adequately 
formulate the art of love. No book can impart it, no formula can 
give it vitality ; nature with all her snbtle processes must prepare the 
ground, and then the schoolman may plant his seed with hope of 
harvest. Shall the average student satisfy the conditions of progress 
with the book, when Tyndall and Henry, Faraday and Agassiz, threw 
away the hook and penetrated the inmost tabernacles of nature? 

The student may indeed study in works, after he has completed 
his course in the school, but his mind has then been so saturated 
with general principles and theories, that he is positively unfitted 
to appreciate the great considerations of cost and policy. Ijet me 
repeat this fundamental truth — the first impre.'Bsions received by a 
mind virgin to technical training, especially the impressions in- 
grained by a course of books, will' inevitably mould its whole 
future. Xf a man at first imbibes, for instance, the idea that certain 
forraulfe of strength cover all cases of engineering construction, or 
that the known principles of chemical affinity will give him work- 
ing conditions under all changes of temperature, then he comes to 
i-egard this teaching as the law, and all variations from it fill him 
with doubt, perplexity, and discouragement; while if he first learns 
from practice, that the complete law is as yet unwritten and un- 
known, that the first principle of success is to lie close to nature as she 
reveals herself both in inanimate' materials and forces, and in the de- 
velopments of humanity, he will not be bafiled and disappointed at 
apparent exceptions to general laws ; he will rather be stimulated to 
search the books, in order to draw conclusions fi'om wider ranges of 
facts, and to avail himself of the methods and conclusions of other 
observers. 
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The teaching of books, however important at the proper time, is 
nevertheless one-sided, partial, and incomplete; the teaching of ob- 
jects and phenomena can impart no error, but it reveala ail those 
conditions under which theory and genera! eoneiusiona must at last 
be tested. 

That men of general culture who have been trained iu practice, 
do not only seek the school, but hunger and thirst after the wider 
fects and formulated results laid down in books, is a notorious fact, 
and the reason is that such men alone can appreciate and utilize the 
school. 

This bring us to the third element of our system ; the technical 
school afier some practical training has opened the mind to its ad- 
vantages, and protected it against misconceptions. This subject has 
already been discussed. 

To sum up the whole matter, let the student first survey the 
ground, and then plan his structure; let him fii-st observe that all so- 
called laws in physical and natural science are in constant process 
of modification, as nature gradually reveals herself, and then he will 
spare himself the mortification, and he will spare the public the dam- 
f^e, of trying to square nature to tlie book. 

TUESDAY, JUNE SOth. 

The President, Dr. Raymokd, called the rcieeting to order, 
and introduced Mr. Boiler. 

Mr. a. p. Boi.ler, Member of the American Society of Oivil Engi^ 

Mk. Chairman ; The mere fact of onr meeting here on this oc- 
casion, as practicing engineers, to discuss, out of our experience and 
observation, the subject of " Technical Education," is sufficient evi- 
dence that technical schools fall short of accomplishing the objects 
for which they have been instituted. Before giving, however, my 
views upon the specific topics named for the discussion, I am con- 
strained to state briefly my conceptions of the principles of education, 
and in a measure the conditions limiting their application. 

Education, in general terms, aims to discipline the mind in correct 
methods of thought, through the study of the best fruita of human 
experience and knowledge, and so to better fit the recipient for taking 
part in the general struggle for existence. It has two principal di- 
visions, viz., liberal education, or the education of culture, and spe- 
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eial education, whicli undertakes to select some one branch of knowl- 
edge, and pursuing that to the exclusion of all others, to make the 
student valuable to that portion of society having need of such 
special knowledge. The former is preparatory, while the latter is 
the culmination of educational training. In the one, knowledge is 
secondary to mental discipline; in the other, mental discipline is 
secondary to knowledge. 

The " technical school " is a special school of comparatively recent 
establishment, growing out of the demands of a peculiarly commercial 
civilization, and is valuable to the community just in proportion to 
the degree to which its graduates liave mastered the facts and bear- 
ings of scientific observations, with their application to useful ends. 
Thus far those under whom technical schools have been developed 
have been to a great extent theorists in educational matters, and so 
keeping their minds fixed on the abstract side of the question, have 
lost sight of the realities of every-day life, and the limits imposed 
by a very complex state of society. 

An unquestioned difficulty in blocking out a satisfactory method 
of technical study is the absence of any national system of progres- 
sive education, by means of which students may be brought to the 
same plane of preparation for entrance to the technical schools — a 
deficiency which will probably always exist in this country, owing to 
the peculiar nature of our political institutions, and which must be 
faced in any remodelling of methods that may be undertaken here- 
after. 

Theoretically, the technical school is highly practical ; practically, 
it is highly theoretical. A strong infusion of practical knowledge, 
that is, the knowledge derived from observation and experiment, 
with a corresponding reduction of pure theory, would serve the end 
to be attained by a technical education much better than as now 
conducted. It must ever be borne in mind that the ofiice of the 
technical school is not to produce scholars, professors, or mathema- 
ticians. Beyond a certain point, theory, for the mass of students, is a 
waste of precious time (particularly that region of theory built up 
without fact or experiment), the limit being defined by the requirer 
ments of actual practice. Some few, and only a few, are capable of 
absorbing the highest developments of mathematics or physics, and 
such will follow the bent of their genius, curriculum or no curric- 
ulum. It is notorious, that as a rule, the tone of mind of that class 
of students is such that they are illy fitted for business relations, 
their natural calling being in the purely intelleetua! field of o 
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research; and in this pla«e they have a very important niche to fill 
in the economy of divided labor. 

The principle of divided labor in the operations of society is of 
increasing importance yearly, and no technical scheme of education 
can meet the wants it aspires to fill, without giving full weight to 
this law. There is, in these later days, too much to know in any one 
branch of knowledge, for one mind to compass it wholly. There can 
be no more Humboldts, and the day has long passed since the engi- 
neer was supposed to be equally capable in ail departments of the 
profession. Any one department is more than a life's study for the 
best of us, and while it is right and proper to have a certain amount 
of generalized information, eminence is attainable in only one or two 
directions. It is as an expert in some one subdivision of professional 
knowle<lge that the modern engineer makes his mark, whether as a 
hydraulician, mechanician, a manager of mines or of railways. In 
the enthusiasm of scientific devotees they are too apt to base all 
methods and systems of instruction on the idea that the mass of stu- 
dents will pursue science for the sake of science. They forget that 
the profession of the engineer partakes more of a business character 
than any other, that it is anything else than an ornamental calling, 
.and that the civilization which has developed it is one of gain and 
personal advancement. 

There are almost insurmountable difficulties, such as attend no 
other branch of special education, which present themselves when we 
attempt to outline a complete system of technical education based 
on practice or experimental I'eseareh, There is no way by means of 
whicli studentH can be graduated engineers, in the same sense, for 
example, that schools of medicine or of theology can graduate doctors 
or parsons. The former have the adjuncts of the hospital and dis- 
secting-room, while the latter, being schools simply of opinion and 
dogma, require nothing beyond the teaching of men trained to trans- 
mit these special opinions and dogmas. To graduate technical stu- 
dents on relatively the same plane as is done by the schools of law, 
medicine, and tiieology, has thus far been the ambition of the theo- 
rists who are responsible for the present system of technical educa- 
tion. This is shown by giving degrees instead of certificates at 
graduation. It is not theory that makes the engineer, but practice, 
in the shop, in the field, or in the mine, and the difficulty of incor- 
porating such practice in the curriculum of instruction appears to be 
insurmountable, except, possibly, in some minor divisions of engi- 
neering study, such as surveying and minor geodetical operations. 
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It has been suggested that the "shop" should in some way be 
added to the regular course of instruction, either preliminary to, or 
succeeding, the theoretical training, and Mr. HoUey has even pro- 
posed, with some degree of enthusiasm, "to establish organized 
schools in the various existing works." I have very little faith in 
the aecomplishment of such an adjunet, desirable though it be, at 
least in any systematic manner. There is no doubt that many 
students, if so recommended, will avail themselves of opportunities 
to enter the " shop" in an individual capacity as apprentices, but to 
expect that any scheme can be devised to incorporate as a system, 
the workshop idea in the curriculum of a technical school is, to my 
mind, utterly ont of the question. Mr. Holiey's recommendation, 
persuasively as he puts it, is too dependent upon mercantile philan- 
thropy, and involves a harmony of action between the schools and 
the owners or managers of works hardly to be expected this side of 
Utopia. There are two ways, liowever, in which the essential benefit 
of shop association can be had by the schools, and they are either 
to make a certain preliminary artisan or iield training essential to 
matriculation, or to require a certainamount of such experience after 
graduation, as essential to a degree. The former course would seem 
the natural inductive method, as the student would commence by 
observing iacts and phenomena, not only of material objects, but 
regarding the methods and habits of men with whom he will have 
80 much to do. To a mind filled with the facts of nature, theories 
founded thereon have a value of application and a depth of cneaning 
impossible to one who is purely book -prepared. To observe first 
and generalize afterward is the philosophy of modern progress and 
discovery, and it would seem to be simply following that inductive 
system in giving an affirmative answer to the first part of the first 
proposition of Mr, Holiey's circular. There is, however, a serious 
objection to such preliminary practical training in the mechanical 
branches of engineering, and that is the moral effect upon youths at 
probably their most impressionable age, associated as they must 
more or less be with the rough working-man and mechanic. The 
injury done to their character might outweigh any benefit they de- 
rived from the opportunity of practical observation. If this objec- 
tion is regarded of too serious a character to be overlooked, the 
only alternative is a post-graduate practical course, for I throw out 
of consideration the toy workshops of the schools themselves, Mr. 
Holley is quite right when he says that a school of engineering prac- 
tice, based upon faculty control, "can be nothing less than a vast 



jgk 



DISCUSSIONS ON 



and successful establishment for constractioii and operation in nearly 
all the departments of engineering." That, of course, is impossible. 

Many young men do substantially take a post-graduate course, 
which might be made almost compulsory on all students, and thus 
indirectly part of the school system, if degrees were withheld until 
the student gave proof that his post-graduate experience was such as 
to entitle him to be ranked as ah engineer. The present method of 
graduating young men as full-tledged engineers is not only a perfect 
farce, but it also gives the graduate a very erroneous idea of the profes- 
sion he is about entering. It cannot be too strongly insisted upon 
that the school cannot make an engineer, even if it crams him with 
all the book learning of technics. It can with perfect propriety give 
a young man a certificate that he has had a certain training, but he 
is entitled only to the term eng-lneer when he has enough experience 
in manufectures, mines, or public works to qualify him at least as 
a capable assistant. The post-graduate system commends itself to 
my judgment as the wisest one, not only on account of moral ma- 
turity of character tliat a student of the average graduating age is 
expected to have, but also because the effect of a year or two of pre- 
liminary shop practice on the general run of boys would be fatal to 
habits of study. The exceptionally bright and ambitions youth would 
no doubt derive the immense advantage of the inductive system be- 
fore referred to, and enter the school from tlie shop with a mind sin- 
gularly well prepared for grasping the laws of scientifio relations, but 
the average boy is not inclined to study, is not particularly ambi- 
tions, and in all probability would not reach the school at all. Once 
in the shop, he will in all probaliility conclude that he can get there 
all he \vants to carry him through the world, he gradually ceases to 
study afier hours, and so losing the habit, is satisfied, after his ap- 
prenticeship is finished, to take his stand in the broad phalanx of 
the rule-of-thumb members of the profession ; or, what is quite likely, 
avenues of earning wages will be opened to him, and he may deem 
it too much of a sacrifice to sever himself from such attractions. 

Upon the second topic presented for our consideration, viz., the 
connection of experts with technical schools, I have long held posi- 
tive views. It seems to me an anomaly in technical education to 
abandon its methods and direction to those who have either had no 
experience in technics, or experience in a very limited degree. If 
engineering is anything, it is a practical science ; it is the " art of di- 
recting the forces of nature to the service of man," and being such, 
it is the business of the school? undertaking to teach it, to show as 
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far as possible how those forces are really controlled and applied, as 
well as their nature and laws of operation. This last the mathe- 
matical and physical professors can do very well, biit the former can 
only be properly taught by the expert, familiar not only with prin- 
ciples but practice. If schools of law or of medicine cull their lec- 
tnrcis and teachers from those most skilled in the practice of their 
resiieetive specialties, how much more ought our cngineerina; school'" 
to select for their chairs of applied science, men who have had experi- 
ence as practicing engineers ? 

There are things, little things, perhaps, in themselves, but often 
keynotes to the comprehension of a subject, that the books cannot 
treat of,, and the professor who depends upon what the books say for 
his practical teaching cannot appreciate their importance. The 
proper and feasible way, in my judgment, to incorporate the expert 
idea in any technical systems, is in the form of lectures as part of any 
given course, such lectures being confined purely to fJie engineer- 
ing practice of, or the specialty of the lecturer, the lecturers not 
to be part of the resident feculty, but practicing engineers, able to 
devote a week or two in each term to an exposition of the methods 
and operations of practical engineering. This can be done, too, 
without trespassing upon all that is valuable in the theoretical por- 
tion of the technical course. As now administered too much time 
is given to abstract mathematics, and in some of the schools it is 
carried to such an extent, that the student, if he is not utterly 
befogged, becomes saturated with the idea that mathematics is the 
Alpha and Omega of the engineer's profession, and that he is the best 
engineer who is most expert in devising intricate formula and mathe- 
matical transformations. This is the natural result of what may be 
called the engineering of the schoolmaster, who t-ells us that the 
mental discipline and logical methods engendered by extreme theory 
are of immense importance to a young man desirous of practicing the 
profession of the engineer, and that the mathematical pathway is the 
surest road to eminence and success. Now, regarding the first claim, 
it elevates discipHne at the expense of knowledge ; as to the second, 
it is so far from being a sure road to engineering success as to be 
almost an educator of blunders, by giving a fictitious importance to 
the value of purely theoretical deductions. Engineering, having to 
do with natural facts and phenomena of ever-changing characters, 
must generalize knowledge from experiment and from the labora- 
tory, and not from the hypothesis of mathematics, I do not wish 
to be understood as despising theory, but the conditions of practical 
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life are snch that to the average student, beyond a ceiiain training 
in elemeatavy princii)les, theoretical discipline is a waste of valuable 
time that could serviceably be spent in the accumulation of practical 
experiences and the observation of phenomena. In my preceding 
remarks I have not touched upon the matter of general culture, 
which I hold to be important to the success of the. engineer, and I 
heartily indorse all that Professor Raymond has said upon the sub- 
ject. I would say, in conchision, that I look for any modification of 
the present system of technical edncation in the direction of a reduc- 
tion of the amount of theoretical instruction, the introduction of a 
system of expert lecturers, a systematic study of experiments and 
their bearings, and the withholding of degrees until a student has 
qualified himself by a course of post-graduate experience. As to 
general culture, it should form part of the matriculation requirements, 
and not be attempted directly in the technical curriculum. The ex- 
tent of this culture is to be as broad as possible, equal to that of the 
average college or high-school graduate. 

Beyond the directions here indicated, I do not believe that the 
technical schools of the country will find it practicable to modity 
their systems and courses of instruction. 

The Chairman. — A gentleman, who I am sorry to say has been 
obliged to leave us to-day, Prof, Cook, tlie State Geologist of New 
Jersey, and the head of a very efficient though not very extensive 
school in Eutgers College, who began life as a practical engineer, 
and has been more or less in that work ever since, mentioned to me 
before leaving, his regret that he had not spoken last night, for the 
sake of bringing forward something that had engaged his attention 
for twenty years, and that seemed to me, as to him, to be one of the 
most immediately practical steps towards a needed reform. If Prof. 
Cook had remained, he would have been pleased to find in the paper 
just read, a foreible presentation, of the point in which he was so 
much interested, that is, that the granting of degrees to civil and 
mining engineers should be made to depend upon their post-graduate 
course, and that the degree upon graduation from the school should 
be simply that of Bachelor of Science. That is almost exactly the 
idea Mr. Boiler has brought forward. I will now call upon Mr, 
Coxc, of Drifton, Pa. 

Mr. Eckley B. Coxe, Member of the Avierican JnslHute of Min- 
ing Engineers. 

Mr- CnAiiiMAN : I have been asked to give my views upon the 
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subject of Technical Education with special reference to mining, and 
although a member of the committee who prepared the programme 
for the speakers, I think I shall follow the very sensible course of 
most of the gentlemen who have preceded me, and ignore the afore- 
said programme altogether. 

One of the first questions that suggests itself when we begin to 
reflect upon this subject is (as I stated at the Washington meeting 
of the American Institute of Mining Engineers), "What is an engi- 
neer?" or "What do we wish to produce" when we submit a boy 
to the best system of technical education we are acquainted with ? 
The tendency to-day is to make the ordinary workman a specialist, 
to teach him to do one thing well, or to work on one machine well, 
and then to keep him at that for the rest of his life. In old times 
a machinist, for example, worked at all sorts of jobs, and witli every 
tool in the shop, and thus became practically familiar with all the 
details of the trade, and if he was a man of more than ordinary 
ability and industry, he might rise to be foreman, and afterwards 
director or engineer of the works. But a man who works all 
his life at one machine only, will undoubtedly become very skilful 
at that sort of labor, but will not be likely to acquire such knowl- 
edge as would fit him for the position of foreman. The fact that ail 
the workmen are specialists, requires a higher grade of instrnction 
and intelligence in the foreman. The workmen do not and cannot 
think for themselves ; they must do exactly what is set before them, 
without any regard to what is to become of the work when done. 
Now the foreman should be a man well up in the theory and prac- 
tice of the construction of machines, and he should have first-class 
theoretical training, and also first-class shop training upon all the 
machines and at all kinds of work ; in other words, he should be an 
engineer, a man who understands theoretically and practically the 
laying out and canying on of work ; one who, when he has made 
the plan of a machine, a bridge, a furnace or a breaker, knows if it 
can be built or not, and how to direct the men who do the work. 
To obtain such men shop training is necessary, and the number that 
will be wanted is increasing. It seems to ine that the standard of 
work is higher than formerly. Then the only requisite for a bridge 
or machine was, that it should be strong enough to do the work re- 
quired, or to resist the strain to which it was to be subjected ; now it 
must be constructed not only with a view to proper strength, and 
distribution of material, and adaptability to the work it is to per- 
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form, but also witJi due regaiii to ita appearance. Great ugly masses 
of iron without architectural eiFect are no longer tolerated. 

This requires a certain amount of lesthetic culture in the engi- 
neer; for that reason I fully concur in the opinions which have been 
expressed as to the importance of giving a liberal education to the 
student of engineering before he commences his technical studies. 
We all agree that a thorough general education should be given to 
a young man before he enters the shop, and the only question is, 
should shop work precede, accompany, or follow the theoretical 
studies ? 

My own opinion is, that a year's training in a machine shop, pre- 
vious to entering upon his purely technical studies, is of the first 
importance to any young man about entering any branch of the 
engineering profession, provided he has had drilled into him, in his 
liberal education, enough of the fundamental laws of nature to pre- 
vent him from being affected by the shop superstitions, as I may 
call them ; in other words, he should know that there is no effect 
without, a cause — that when a man tells him (in referring, for exam- 
ple, to a machine) "nheworks badly," "she takes fits of woj-kinff," etc., 
he must understand by it that some part of the machine is out of 
order, or not properly constructed. If the machine does not work 
right, it is because some man has not done or is not doing right. 

I remember when I was about twelve or thirteen years old I tried 
to construct perpetual motion. It was very simple. I made a small 
water-wheel, and attached a very primitive pump to it. The pump 
was to raise the water to run the wheel. I was totally ignorant of 
the principle of the conservation of energy ; if I had not been, I 
should not, of course, have attempted any such absurdity. Had I 
entered a shop in my state of mind at that time, I should have im- 
bibed false ideas which it would have been difficult for me to free 
myself from afterwards. These remarks apply with more force to 
such complicated structures as furnaces. They are generally thought 
of and spoken of by the workmen as living beings, subjected to fits 
of good and ill-humor, instead of being simply large chemical appa- 

I think it important for a young man to be thoroughly grounded 
in the principles of mechanics, physics, chemistry, and mathematics, 
so as to know what is possible, as well as what is impossible, before 
b^inning practical work. I find in the practice of my profession 
that in many cases it is of very gi-eat use to me, to be able to say 
decidedly, " It is no use to try to do that ; it is physically and math- 
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ematically impossible," and every engineer has suggestions made 
to him which are physically and mathematically impossible. I do 
not believe that the success of some of the most distinguished engi- 
neers can be adduced as a proof that one method of training is better 
than another because they were trained in a certain way. What we 
want is the best method ibr the greatest number of average minds. 
We all know that such men as Watt and Stephenson would become 
able engineers under any system of training. 

There are others again of whom no system of education would 
ever make engineers. The point is, to produce the best marketable 
product with the available material. One of the gentlemen who 
preceded me 8aid that a boy when he went into a shop might like 
the work, and prefer to remain and get good wages instead of going 
back to school. No doubt we will often meet with such eases, but 
I think the best thing that boy could do would be to stay in the 
shop, for by taking him away we might make a poor engineer and 
lose a good mechanic. I do not think the objects of our schools 
should be to turn out the greatest quantity of engineers. 

I now come to the point upon which I was requested to speak, 
and I shall be brief. If a young man wants to study mining engi- 
neering, he can easily get a place about a mine where he can learn 
much that will be of use to him afterwards, without interfering in 
any way with the running of the works. Wliere there are corps 
engaged in surveying the mines, if he is willing to work day or 
night, where it is clean or where it is dirty, he will always be able 
to get employment as a chain carrier, etc., for there are always in 
the mining corps one or more men who are simple laborers, and a 
willing young man of intelligence could always take the place of 
such a person, and learn a very great <leal, not only about the 
methods of surveying, but also about the way in which the works are 
laid out and carried on. If the young man has a certain amount of 
knowledge of drafting, trigonometry, etc., he can also make himself 
useful in plotting and calculating the surveys, and he would, of 
course, learn much more himself. 

I think, however, as I said before, that at least a year's training 
in a machine shop is of the first importance for all students of engi- 
neering, mining engineering included. A thorough knowledge of 
machinery is of the greatest use to the mining engineer, whether he 
be located near to or far from machine shops. 

I have always regretted that I did not work longer myself in a 
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machine shop. There is no trade requiring such familiarity with 
accuracj' of measurement. The intimate contact with the workmen 
gives the student a knowledge of their ideas, feehngs, and ways of 
thinking, which will be of great benefit to him when he comes to 
have men under him. 

If I were asked to advise a young man who had received a liljeral 
education, and who wished to make himself as useful a mining en- 
gineer as possible, as to his course of study, I would tell liim : 

1st. Work a year in tlie machine shop, foundry, drawing-room, 
or blacksmith shop of a small shop doing general work in the min- 
ing region, before beginning your technical studies. 

2d. While at the shop try to learn something about the mines in 
the neighborhood. 

3d. During your time of study see such shops and works as you 
can, and spend one or two of your vacations in the corps of some 
mining engineer who makes surveys and does other raining engi- 
neering work. 

4th. Study bookkeeping, and try to learn while in the corps, how 
the books and accounts are kept at the mines, 

5th. When you graduate from the technical school, get a place, no 
matter what, at some mine, and if you are of the right kind of stuff, 
you will soon rise to be a really useful mining engineer. 

6th. if ever despise theory or practice ; both are equally important. 
Always try to know how to do a thing, and why. 

7th. Try to make engineering a profession, not a trade — a thing 
to live for, as well as by — and do not let yourself get rusty even in 
those branches which do not seem to be of use to you in your 
business. 

Mr. William P. Shinn, Member of the American Society of Civil 
Engineers and of the American Institute of Mining Engineers. 

Mr. Chairman : The special requisites in the education of the 
engineer, to which I shall refer, may not be considered *' technical " 
by many, but their importance has been demonstrated to my mind 
in the course of my experience, and I call attention to them because 
they do not appear to be considered by professional educators as 
among the requisites, and because while other parts of this discus- 
sion will be committed to or assumed by persons far abler tlian 
myself, these particular branches of education are not so likely to 
receive the attention which, in my opinion, they merit. 



>y Go Ogle 



TBCHSTCAL EDUCATION, 93 

I refer to, 1st, the scienee of acconnte, and 2d, business forms and 
principles. 

"Accounts" are, or should be, to the engineer, what history is to 
the statesman, the record of progress in a financial sense as history 
is in a political sense; and in many eases the chart indicating tlie 
shoals and quick.?ands to be avoided, the channels and roads to be 
followed. 

" Business forms and principles " are as necessary to be understood 
by the engineer as by the lawyer, although they are not considered 
as forming part of the " technical " education of either. 

Many engineers, civil engineers in particular, are so situated when 
in charge of important works as to be obliged to exercise functions 
both executive and administrative, and even sometimes and in some 
sense judicial. Like the captain of a ship, the engineer has fre- 
quently to be " a law unto himself." 

Lack of knowledge of these forms and principles lead to many 
embarrassments and frequently to pecuniary losses. I have known 
an engineer of sufficient experience to have had charge of construc- 
tion of an important division of railroad twenty or more miles in 
length, who, when the railroad company failed to pay its contrac- 
tors and men, g^ave and accepted orders in favor of merchante, of 
which he kept no record, so that when the men, who were settled 
with before the merchants, got their pay, they were paid in several 
cases without deduction of the amounts of their orders, which orders 
having been accepted by an authorized agent of the company had 
to be recognized and settled, the amounts being a loss to the company. 

The forms and genera! principles governing the law of contracts, 
ought to be understood in at least a general way by every engineer. 
His business is largely carried on through the medium of contracts, 
and the loose manner as to form, and indefiniteness as to under- 
standing, in which agreements are ofVen made by engineers, are the 
causes of many losses to, and much litigation with, their employers. 

" We will make it right," is an expression very frequently used 
by engineers towards contractors in relation to claims for " extras," 
or alterations in plans, but with no definition of what is " right," it 
is scarcely to be wondered at that after the work is done, the parties 
can seldom agree as to the compensation. Such expressions are not 
businesslike; much less are they professional. Engineers should be 
men of precision ; their technical education all teaches the value, nay, 
tlie necessity, of precision in measurements and in calculations, and it 
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should alike extend to their commercial transactions, to their busi- 
ness expressions. 

But it is in the matter of "accounts" that many engineers fail 
most completely. More engineering works are financial than physical 
failures. How rarely is it that the cost of a work of any magnitude 
falls within, or even approximates, the estimate made before it was 
commenced. A notable instance to the contrary was the Croton 
aqueduct in its original construction, the cost of which (approximat- 
ing ten millions of dollars), fell within less Ihan one per cent, of Mr. 
Jervis's original estimate. How frequently, on the other hand, could 
the projectors know the actual cost in advance, would they have de- 
clined to make the investment. So universal is this experience that 
it has brought actual and merited discredit upon the name of "engi- 
neer." Why is this the fact? Partly because engineers are not 
precise, but mainly because they do not keep "accounts" worthy of 
the name. If they and their predecessors had kept strict and rigid 
accounts, properly classified, of all expenditures upon similar works, 
they would have had records which would have been a guide for 
estimating the cost of future undertakings of the same character. 

But the so-called "science of accounts" (for it is after all only a 
pseudo science) appears to be a "bugbear" to engineers generally, 
and yet nothing is more easily understood if the engineer will only 
bestow upon it thai attention and give its principles that analysis 
which he so constantly is compelled to use in the line of his pro- 
fession. 

Early in my professional espei'ience 1 heard an eminent civil 
engineer, then in charge of the construction of an important rail- 
way, say with satisfiiction, if not with pride, " I have nothing to do 
with the finances or accounts." Yet he was the only man in the 
general management with any experience or technical education in 
regard to railroads. What woader, then, that the road, estimated 
to cost about two million dollars, cost between four and five mil- 
lions; or, that its accounts intrusted to unprofessional hands and 
without intelligent supervision, fell into confusion, and tliat the com- 
pany after paying dividends for four or five years defaulted in its 
bonds in the next two years and had to be "reorganized?" 

Another eminent railroad man, himself a graduate of West Point, 
used to declare that " accounts are an invention of the devil to cheat 
people with!" 

The principle governing " bookkeeping," as it is technically called, 
is as simple as it is universal, and every engineer can and should 
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understand it thoroughly. But accounts in general are not book- 
keeping in form, but rather in the form of records or abstracts, and 
it is in this form that they arc most valuable to the engineer. In 
this form records can be kept which are not only valuable as show- 
ing where the money went, but they serve as beacons to warn the 
capitalist from too costly undertakings, and as guides to the engineer 
for estimating and constructing, and to some extent thus enable him to 
get at a measure of economy in the prosecution of his works. Such 
records, it is almost needless to say, are rare in this country. In an 
experience of over twenty-five years with public and private works, 
and an observatiou extending over many enterprises in the manage- 
ment of which I had no part, I have found such records to be the 
rarest exception. 

Until this is reversed, until engineers are taught that they are 
I'esponsible for economy in co.st of construction, that economy can- 
not be attained without rigid accountability, that responsibility 
cannot be located without adequate accounts and records, and that 
it is the engineei-'s business to direct and supervise their keeping — 
until this condition of things is reached, we shall look in vain for 
that confidence in engineers' estimates and in the economy witii which 
works have been constructed, to which the profession should be 
entitled. 

Prof. Thomas Egleston, Member of tits American Inditute of 
Jdxnmg Engineers. 

Mr. Chairman : It is certainly remarkable that among all speak- 
ers on the subject of Technical Education, there should have been 
but one opinion with r^ard to the necessity of previous culture 
before entering a technical school. It is all the more remarkable 
that the idea should be so prominent in the minds of so many engi- 
neers, when the practice seems to be to introduce young men to pro- 
fessional schools as rapidly as possible, without much previous cul- 
ture. The highest possible previous culture seems to me to be an 
indispensable requisite. In the technical school the student has very 
little time to acquire anything but what strictly belongs to his edu- 
cation there. It is true that the amount of discipline which he 
gains from thorough training in the different branches of engineer- 
ing will be of service to him, but he needs culture before he enters, 
for culture implies habits of thought, and no person needs these 
habits more than the student in the technical school. We are all of 
us creatures of habit, and it is therefore necessary that we should 
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not only form habits of doing riglit, but also of thinking right. 
Such habits as these must be acquired before the profession is en- 
tered, and should be before the technical education is commenced. 
Once ill practice, there is no profession in which the necessity to . 
have a correct judgment, and to act on it quickly, to think, and to 
think rapidly, is more imperative. Accidents are constantly occur- 
ring about the mines and furnaces which require instantaneous deci- 
sion, and therefore the exercise of immediate judgment. If the early 
habits have been right, the engineer will think right from habit. If 
he has been accurate as a student, he will probably be accurate as a 
man, and for that reason he should have not only the highest possi- 
ble preliminary education before he enters the technical school, but 
the very t>est after he enters it, and this education should include 
the higher mathematics, as being one of the essential means of learn- 
ing to think accurately. I have been censured in my professional 
chair for demanding and exacting of the student the attainment 
of a tliorough knowledge of the higher mathematics, but I have 
done so on the ground, not that he will in ordinary cases be called 
upon in practice to work out difficult problems, but that the mental 
discipline and the correct methods of reasoning which are given by 
thorough familiarity with mathematics, imply the likelihood of cor- 
rect methods of reasoning and accurate judgment in other things. 

We are very apt to think that the man who has learned the most 
is therefore the best eilucated and most learned man. It is some- 
times said of men that they have forgotten more than their neigh- 
bors ever knew, as if this was a credit to the one or a discredit to 
the other. The best educated man is not necessarily the one who 
has learned the most, but the one who has his knowledge thoroughly 
classified, not overcharged with detail, but the detail so arranged 
that he knows where to find it when he wants it. The study of 
mathematics, when properly pursued, with other branches, gives 
such power of classification, that, even though it was to be little used 
as a sign language, it would be a valuable part of technical education 
for this reason alone. 

Besides mathematics he should be able to use with a certain 
degree of facility at least two modern languages besides his own. 
If he can learn but one, it should be German, as being the one 
in which the greatest number of engineering works are now pub- 
lished by men willing to devote their lives to specialties, and in 
which an inexhaustible fund of information exists. If he can learn 
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two, the second should be Trench, as being the key to what .was for- 
merly done, and to what will probably be done again in engineering 
science. The acquisition of at least one modern language is almost 
an indispensable requisite to success. More important than either 
of these is the sign language, drawing. He should become as far as 
possible an artist in both free-hand and mechanical drawing, for, as 
a master of his pencil, he will be able to communicate liis own ideas 
with his fingers, and to understand those of others which could not 
perhaps be readily expressed in words. I do not think that suffi- 
cient importance has been given to drawing as a means of express- 
ing thought in our system of education. There is too much drawing 
done from models which is absolutely necessary to the beginner, 
bnt we do not require the student often enough to express hin own 
thoughts by a drawing, just as he would be called on to express them 
in words. This could be accomplished in the same time that is now 
devoted t» it, bnt wonld require a different system of instruction. 

Dr. Raymond remarked at the Washington meeting that we had 
taken from the German university system everything except the 
time it takes, which is lamentably true. In this age and in this 
exciting climate we live in a hurry, we work in a hurry, and die in 
a hurry. We commence too young, enter our preparatory schools 
and colleges with too little preliminary training, and before we are 
physically and mentally able to comprehend what we are taught. 
Our high standard then, if premature, becomes simply a forcing sys- 
tem, and until we can do away with it, we make engineers on the 
principle of the survival of the fittest. It is no wonder that so 
many young men give out before they leave the intellectual hot- 
house, or occupy a medium position after they have left it. 

It is undoubtedly true that all our technical schools would be in a 
much better condition if a part of the school course was thrown into 
the requirements for admission, and the age required for entrance 
advanced. I think that every faculty would be unanimous in this 
respect, and wonld consider that there would be a great gain in 
detaching from the course proper all of what must be considered 
purely preparatory work, and supplement it with advanced studies. 
This would have the effect to diminish the number of students, but 
to raise the grade of instruction. The opposition to tliis course 
would come neither from the young men nor the parents, but from the 
boards of trustees, who are apt to consider that the number of stu- 
dents in an institution is the chief if not the only real criterion of its 
success, while those of us who are engaged in education know per- 
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fectly well that numbers, instead of being necessarily a sign of power, 
may be a decided indication of weakness, thongh not necessarily so. 
Every faculty would agree with me, I think, in saying that it is far 
better to graduate one first-class man a ye^r, than to graduate twenty 
indifferent ones. Unfortunately, there are but few institutions witli 
endowments sufficient to feel justified in pursuing such a method, 
and fewer still who eould divest themselves of the idea that numbers 
are in some way the best evidence of success. There may be no lack 
of ability, but to make up the average we often dilute that of a high 
order in order to keep up the lower grade. It is no just criterion to 
look at the expense per capita if five men of a high order were turned 
out where fifty of a lower grade might be. As a matter of arithmetic 
the expense is greater for the five, but as a matter of political economy 
it is really less. 

The training of the schools should be such as to teach the young 
engineer how to acquire not only judgment, but as far as possible an 
independent one. This I believe to be one of the distinguishing 
characteristics of American technical education, while in some coun- 
tries in Europe exactly the contrary is true, and the best reason that 
a young engineer can give is, frequently, " My chief told me so." 
No profession requires more judgment than that of a mining engi- 
neer. We have constantly something to do, and that something in- 
volves either life, present or future safety, present or future capital. 
The same problem rarely ever presents itself twice in the same way, 
and if the preliminary training has been such that we have acquired 
correct habits of thought, we probably shall carry the same into our 
profession, or at least be able to find out and correct errors before 
they have done harm. Mere facts are of very little use to the engi- 
neer of mines. We want not so much the facts, as the conclusions 
which are to be drawn from them, and since the data are rarely ever 
the same, we must act upon conchisions. 

Dr. Wedding has hit the keynote of the whole subject. He wants 
his students to be able to settle at about thirty, and our students 
want to settle at aliout twenty-two. It is very true that, according 
to the old proverb, late marriages make early orphans, but it is also 
true that the average man has not acquired, or cannot have acquired, 
at the age of twenty-two or three, judgment or experience sufficient 
to justify capitalists in putting him in such positions as would ena- 
ble him to settle and marry. 

Many young men are in a hurry to complete their education, 
owing to lack of neces'ian' means to prolong it, and the necessity 
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of commencing or being compelled to earn their living in some 
other way than the occupation of their choice, is oftan the reason 
why they eommence prematurely. Th^y feel, and with some show 
of right, that, in order to be established in their profession by 
middle-life, they must commence early. "While this desire to hurry 
has been in some respects a disadvantage, it has been in others a real 
benefit to us. As a nation we are now juat one hundred years old. 
The political necessities of the case demanded that our organization as 
a nation should lie made in a hurry, and since we started in that hurry, 
what have we accomplished ? There are but few nations in Europe 
who have as much to show in the same period. We have had no 
time to deliberate, for in many cases if we had taken time to delibe- 
rate, we should have taken still further time, and not made a move. 
Ten years ago we crossed this continent in stage coaches, a trip 
which cost three months after leaving the rail. We have recently 
accomplished that same distance by rail jn eighty-eight hours, I 
had the good fortune to be present at the commencement of that 
road, and to see the first laying of one mile of tra«k in a day. 
They were indeed in a hurry, but it was an organized and there- 
fore a successful hurry. I think it may be said that where wc fail, 
it is for the want of oi^nization of this hurry. It may be said 
that, as a result of this method, many things that we liave accom- 
plished could have been better done, to which we may reply, that 
the necessities of the case have almost always been such, that, if 
what has been done had not been accomplished in this way, it 
would never have been accomplished at all, and therefore, even by 
imperfectly doing what might have been better done, if the element 
of time had not been that of which we had the least, we have not 
only benefited the present but the future. 

It has been urged by many persons as a reason why the student 
should enter early upon his professional career, that education unfits 
a man for work if continued afier a certain period of time, to which 
we can only reply that any system of education which unfits a man 
for work, or leads a man to despise or even to look down upon it, is 
a system which is fundamentally wrong. Labor is one of the best 
gifts of God. The man who is afraid to dirty his hands has mis- 
taken his profession, and should be made to feel that he is out 
of his place and mistaken his calling. I had an apt illustration 
of this in my early professional experience, when four persons 
were selected from a prize examination to enter upon some diffi- 
cult work requiring ability, judgment, and some little dirty work. 
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Their expenses were to l)e paid, but there was no other pecu- 
niary reward ; the honor of solving, or being selected to solve, the 
problem being considered by us all aa a sufficient reward. Their 
intellectual merit was about equal ; but when it came to the question 
of dirtying their hands, one of them presented himself in gloves, 
patent-leather shoes, and declined to put his hands into the dirt. As 
I look back after ten years upon the course of these men, I find that 
the one who was afraid to dirty his hands becanje disappointed, and 
left the profession shortly after he entered it, as it was evident that 
he had mistaken his vocation. The other three occupy distinguished 
positions in the profession. 

One serious difficulty with students or young graduates is that 
when they enter the ^vorks they feel themselves to be the superiors 
of the workmen, and they are apt to patronize them, which the 
workmen resent. No one knows better than the workman that the 
student directly from the technical school, though he has the title, 
is rarely ever an engineer,' He hais simply acquired the a b c, and 
is ready to commence to learn to be an engineer. He has to learn 
what the workman is doing, and why he does it. The intellectual, 
and perhaps the social, superiority, the workman might be willing 
to admit, but he knows that the young man is entirely incapable 
of doing what he can do with ease, and therefore feels himself 
his superior, and he is right. We never cease to admire the skill 
of a good workman. He is a real artist who has learned from 
long experience to seize with the nicety of exactness the instant 
both of the commencement and end of reactions and changes which 
are entirely inappreciable to any but his educated eye. He has 
learned this from years of toil, and labor, and though he might 
not be able to explain them, he can always perform them with pre- 
cision, while the student, if he has learned the reasons, is not able 
either to do the manual work or to distinguish between the different 
parts of a process. Any young man fresh from the schools who 
looks down on the working-man has a totally false idea of his own 
and the working-man's place. The two occupy a totally different 
position. The student can learn, and learn rapidly, all that the 
workman knows, and when this has been done, no one is more ready 
than the workmen themselves to acknowledge his superiority, and 
to sit at the feet of the very man whom but a short time before they 
looked' down upon as an inferior. It is therefore a serious mistake 
for young men who wish to study to place such an antagonism be- 
tween themselves and their teachers for the time being, as to prevent 
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their acquiring the information by placing an unnecessary barrier 
between the workmen and themselves. 

There is one thing which it seems to me eminently desirable that 
we should introduce into our instruction, and tliat is the economica 
of the profession. It has been my own habit ever since I first com- 
menced to teach to consider the cost of a process as the subject about 
which the most detail should be given, and to which the greater 
part of the instruction should be devoted. I have therefore made 
this the framework of my instrnction, and have considered the theory 
of the process as the means of illustrating why the cost should be 
in certain cases greater or less. It has been my habit to define me- 
tallurgy as the art of making money out of ores, and to announce 
at the very outset of the course, that an ore was a material suffi- 
cieutly pure and rich to allow of the metal being extracted from it with 
profit. By insisting that an ore is not an abstract thing, but that it 
represents labor and the value of the material used to get it, it be- 
comes in the minds of the young men a concrete thing. They see 
at once that its value depends npon its being worth more than is 
spent upon it, and that if it is only worth what it costs to get it, 
there is no profit in working it. By introducing at every step the 
cost of that part of tlie process in labor, materials, tools, wear and 
tear, interest on capital, etc., and by familiarizing them with samples 
of schedules for keeping tally, and account books for keeping the 
costs, they become thoroughly femiliarized with the idea that a pro- 
cess is good or bad according as the balance is on the right or wrong 
side of the ledger, no matter how tempting it may look on paper. 
They thus learn that an engineer who neglects to know how and 
when he is gaining or losing money is to be blamed. In oi-der to 
still further keep the commercial bearing before them, as well as 
the theoretical, and to teach them how to distinguish between the 
right and wrong side of the ledger, they are required before they 
graduate to execute a project which is given them in a strictly 
commercial sense, and which they must execute in both a theoretical 
and a commercial manner, by giving the theoretical reasons for its 
adoption, and estimates giving the cost in detail not only of the con- 
structions, machines, etc, but of every step of the work in detail. It 
is a very rare thing tliat such a project worked out by a student can 
be executed, but this is not the design. The object is to keep them 
familiar in every stage with the fact that no work can be done, no 
time or labor employed, and no material used, without involving 
capital and the interest upon it, wear and tear of machinery and 
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tools, and that they arfi, therefore, to look upon the scientific exposi- 
tion of their profession not as a mere matter of theory alone, but as 
the combination of both theory and practice, which requires the sci- 
entifi.c union of both, which can only be had in men educated 
in this way. Men so trained, brought into metallurgical works, 
have proved themselves to be worth a salary as they enter, and have 
shown themselves capable of rising in their profession with a mini- 
mum amount of cost to their employers. 

In this age every man expects and is expected to make money. 
Every young man commencing has always in view a fortune, more 
or less large, amassed in a time more or less short. The first ques- 
tion, of the father when he chooses an employment for his son, or 
his son selects one for himself, is, Will this or that profession enable 
him to become a rich man ? No man expects to be one of the thou- 
sands of the unsuccessful, yet there are times in life, and there are 
commercial conditions, when losses are inevitable, and by making 
these losses an object of thought, and keeping them in the minds of 
young men, teaching them that certain processes and principles, if 
placed in practice under certain conditions, must inevitably bring 
about a loss when under different conditions they might yield a 
profit, I think we shall have accomplished an important point, by 
familiarizing men with the idea of loss. If the incipient engineer is 
taught that there are times, like the present, for instance, when the 
dominant question is, not how much profit we can make, but how 
little loss, we shall get rid to some extent of this idea of gain, and 
add an impediment to the idea being received that the generality of 
mankind can make money by other means than by working for it, 
and not always then. 

The graduate must also enter the profession thoroughly convinced 
that he is not an engineer, though he may have the title, but that 
he has in his education the means of becoming one. 

Above all things his education should teach the young engineer 
that honesty is not only the best policy, but an absolutely indis- 
pensable criterion to success Every young man gains his experi- 
ence more or less at the espen=e of h a emploj ei W h it i-^ produced 
is in his chaise, ■ It lepiesento in i gieat miin cases beside-, the 
capital engage<l in it, the wear and teir of human life If he is 
strictly honest with himself he will under-tand that npon his en 
deavors are based the happiness and prospeut^ and in some cises 
even the lives, of man\ i familv md often the inteiests and foi 
tunes of his emplo}eri5 It lequirtt in a gieat min\ ci'*^ ra re 
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than ordinaiy courage to say he does not knmvthe answer to a ques- 
tion, but will study it, and not try to improvise, when he should say 
that he requires to study. It is one of the mistakes of both employ- 
ers and engineers to think that, because a man has a diploma, he 
must therefore be an encyclopedia, and the anomaly of the thing is, 
that this knowledge is demanded only of young men jnst entering 
the profession. No man would ask a distingnished engineer long in 
practice to solve a difficult problem on the spur of the moment. The 
engineer needs time to study and consider, and the employer demands 
that he shall take that time, but although in the case of the student 
the same interests are not involved in so great a degree, they are in 
a less, and the rule in a great many cases is not made to apply, but 
the young men are asked and expected to answer questions at once 
which can only be answered conscientiously after a more or less long 
study. 

Every man who is an earnest worker makes mistakes. The man 
who makes no mistakes is free from them because he does no work. 
The wise engineer will always endeavor to find out what these mis- 
takes are, and correct them before they have done any harm. 

There can be no doubt that theory and practice should go 
hand in hand. It seems to me, judging from my own experience, 
and that of a large number of engineers, both in this country and 
abroad, with whose experience I am familiar, that the practical 
course, which we all consider to be absolutely indispensable, should 
follow the theoiy, that while the theory is being acquired, the stu- 
dent should see, as far as possible, the processes or machines which 
are being described, and the theory of which he is learning devel- 
oped in practice, so that he may have some idea of what the process 
or machine is, without perhaps being familiar with it in all its de- 
tails, then when the theoretical knowledge and the power to think 
correctly has been acquired, the practical course should commence. 
I do not understand by this practical course that the student should 
undertake, or should be expected to undertake, the work of a full 
shift. Very few students have the physique to do it, but they can 
work a turn, or a part of a turn, a phase, or a part of a phase, of an 
operation or process, so that with three or two, or perhaps no hours 
at all of mauual labor a day, they may in a time more or less short 
become perfectly familiar with what they have learned theoretically. 
If there is not sufficient physique, a great deal can be accomplished 
by watching the workmen, and hearing them discuss, and learning 
to sift what is really good from what is useless in their conversation. 
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More is often learned in this way by observation than by actual 
work, and though there is no doubt a great influence to be gained 
over him by the muscular power of doing all that the workman 
does, and in setting him right when he exerts that power to bad 
advantage, It is doubtful whether the result is really worth the time 
which the young engineer must take to achieve it. We should not 
lose sight of the fact that what ia needed in this case is not brute 
force to work, but the acquisition of a correct judgment, which is 
gained mostly by ear and eye education. Theory, without this ear, 
eye, and perhaps hand practice, except in cases of real geuius, can 
never be expected to produce good results, and practice without 
theory is very much like endeavoring to do good work with poor 
tools. An artist can do it, and none but an artist can, but the world 
at large cannot depend upon artists, for genius is apt to be erratic 
and unpractical, and while it is undoubtedly true that the larger 
part of the workmen who execute fjie very intricate and elaborate 
practice of our best engineering and metallui^ical works have very 
little idea of the theory of the process upon which their practice is 
based, it is also true that ma'Uy of them have become practical art^ 
ists, and have almost made their trade a profession, but they have 
taken years to learn by routine what an educated man will acquire 
in a short time. No one knows better than a man of education that 
he cannot always believe what he sees. He has learned it in phys- 
ics, from the phenomena of persistent vision, and no one knows 
better than he does that he must learn to distinguish between what 
really is and what he thinks he sees, while an uneducated man 
thinks that if he cannot believe his eyes there is nothing to be 
believed. , 

There is a phase of technical education which I have never seen 
carried out anywhere except in Krupp's works, but which I believe 
to be practiced in some of the large works of France, and which ap- 
plies only to those works where there are a large number of engi- 
neers associated together. At these works a council of ail the engi- 
neers of the establishment under the president, Mr. Krupp, is held 
at stated times- The problems to be worked out are there discussed, 
and the executive officers for their solution appointed. Besides this 
the younger members of the corps meet frequently to discuss prob- 
lems. Whenever anything new comes up which requires experi- 
ment, a certain amount of funds is devoted to that purpose by the 
works, and the experiments are made under the immediate super- 
vision of those whose business it is to carry them out, but with the 
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active co-operation of al! the engineers of the works. It is not 
wonderful that with such a teclinical school as this, established in 
the works, the works themselves and their proprietors have achieved 
such a reputation. I consider this establishment a permanent and 
irrefutable argument against the opposition of owners of works in 
general to allow young men to take practical courses in their works. 
We have besides in our own midst another answer to it, which is the 
general practice of the Bessemer steel works of this country. I am 
quite certain that but for this wise policy the American Bessemer 
plant could never have increased its product to such an extraordinary 
extent. I can understand perfectly that owners of works should 
object, and I should object as well as they, to young men standing 
idle round the works, often in the way of the workmen, asking qnea- 
tions that cannot be answered, or that would require long study to 
answer, with no intention of making any use of it except to perhaps 
retail the information at secondhand ; but this is not the case we 
have in view. 

One of the objects of this discussion is to ascertain whether in the 
minds of experts a practical course before or after graduation is desir- 
able, and whether in the interests of the owners of works it is practica- 
ble. My own opinion, based upon nearly twenty years' experience, is 
that it is more desirable afterwards, and that it is really the interest of 
the works to have such a course carried on ; but carried on in such a 
way that the young men shall study, and be required to show some 
fruits of their study, instead of being allowed to go around in the 
works at their will, and ply the engineers or workmen with questions. 
Such a practical course as this could be carried on with no trouble to 
the works under the supervision of the engineers, and I can readily 
conceive might become a source of real pleasure to the engineers in 
charge, and of profit to the worlts, for no student not anxious to learn 
would ever think of undergoing such fatigue and labor as would be 
necessary to gain the information sought. The engineer in charge 
would be surrounded by young men eager to learn, and ready to at- 
tempt the solution of any problem presented. The only inconvenience 
I can conceive would be that the engineers in chai-ge of the young men, 
would be obliged to be extra-cautious in advancing theories or in mak- 
ing statements. It is certain that such asystem, if adopted, would very 
soon train a class of engineers which are not now to be had, except 
in some few rare instances, like that of our honored President, who, 
by practice, has become so femiiiar with his profession as to fee! in 
Ills own body when anything was wrong, or likely to be wrong. I 
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am quite certain that if the manager* of works can be brought to see 
how much for their interest it is to have educated young men, eager 
to learn, around their works, we should siion have Upon the stage a 
ciafis of engineers who would, by careful study of theory and prac- 
tice, in the course of a short time suggest such changes as wnuld not 
only diminish the cowt of production, but increase the product. If 
such places were made the rewar<l for high attainments in the tech- 
nical schools, and were coupled with a system resembling that of 
the English university fellowship, we should soon have young men 
studying in the works at home and abroad, all those intricate problems 
which the necessities of the case force individual countries to develop. 
It would not be a great many years before the reilex action of such 
study would be felt by the manufacturers themselves. There is 
a groping more or less in the dark for such a system in literature, 
and to a very limited extent in science, in some of our colleges; but 
it fails of any great influence because as yet it is aimless, beyond the 
attainment of a certain amount of information, and because the 
privileges of the provision last too short a time. I have been 
endeavoring to introduce it into professional engineering for some 
yeai^ with great success, hut without much financial support. Some 
few able young men of wealthy parents have followed it under my 
direction most successfully, but no system can be regarded as a real 
benefit where the application of it is based on the accident of wealth. 
We need endowed positions like the fellowships in the English 
universities, which will allow the student who has won the position 
to pursue, either at home or abroad, a system of post-graduate study 
of those branches which the circumstances of the case has made 
specialties in certain countries, or to undertake under competent 
direction, investigations which require time, and which could not 
ordinarily be undertaken except under some such conditions. There 
are multitudes of such investigations in the profession which are wait- 
ing, because the necessity of making them now is not apparent to 
tlie manufacturer, or because no one works could undertake the ex- 
pense. In support of the proposition I can point not only to what 
the English fellowship system has done for literature, theology, and 
philosophy, but also to what the Swedish iron comptoir has done for 
metallurgical science, not only for Sweden but for the world. It is 
very doubtful whether but for this institution the Bessemer and 
many other processes would not have been declared failures. It has 
supported and maintained investigation, theoretical and practical. 
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which never could have been commenced but for the intelligent fore- 
sight of the managers of that body. 

In this country it could not be expected that any such endowment 
as that of the Swedish institution could be acciiniulat«d in a short 
time, but our technical schools might easily establish a post-graduate 
fellowship system, and it would not be very long under this influ- 
ence before we should cease to hear of what cannot be done, and 
regard every question as a problem to be solved, with, for the time 
being, a plus or minus sign, which is susceptible of change under 
varying commercial conditions. 

Mb. Kobeet W. Humt, Member of the American Institute of 
Mining Engineers. 

Mr. Chairman : As has been observed by so many of the gen- 
tlemen who have preceded me, there has been a striliing unanimity 
of opinion as to the necessity of a good general culture, as well as a 
practical education. All have seemed to agree on these two points. 
The only difference of opinion so far in this discussion, as I under- 
stand it, is as to wJien that practical education should be obtained. 

I think we are all governed in our judgments by personal experi- 
ence, and it is, perhaps, for this reason that I have a strong predi- 
lection for placing the practical education before the thoroughly sci- 
entific one. Granting decidedly that, first of all, general culture is 
very necessary, I believe that, so far as metallurgical engineering ia 
concerned, after the general culture should come the practical, then 
the purely technical education. I cannot judge for the other branches 
of the profession; I only speak of that of which I have some knowl- 
edge, and in which I have obtained some experience. I spent some 
four or five years in practical iron manufacture before entering the 
laboratory for a technical course, and the practical knowledge thereby 
acquired gave me a standing in advance of other students. I knew 
what it was that I was seeking to investigate, and it seemed to me 
that I arrived at some points quicker than other young gentlemen 
around me who were possessed of larger natural ability. When it 
devolved upon me to assume active duties and responsibilities, I 
certainly was better qualified than if my ideas had first been moulded 
by theory. 

I agree with Prof. Egleston, that a boy cannot be expected to work 
as hard and produce the same results as a person of mature years — 
" cannot be expected to work a full shift in any branch of labor." 
It woiild be wrong for him to try to do so, for were he to exert him- 
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self to the full extent of his physical powers, his mind would not be 
in a stat« to investigate the theory of what he had been doing. 

But there is one point which we &eeni to be overlool^ing. Where 
i'. the btiideiit to find these practical schools, whether they come 
before or after the technical school's? I freely confess that, as a 
rule, proprietors of manufacturing establishments do not like to 
have students in their works. "While I believe this to be a mistake 
in other branches, I know it is a mistake so far as Bessemer works 
are concerned. If the plan suggested during the first discussion of 
thLs subject is to be carried out, that is, if the students are placed in 
charge of a competent teacher, who is responsible to the manager of 
the works, the establishment will be benefited Owners will, I think, 
soon begin to realize this, and 1,hus schools will be furnished. I 
hold that, as the student will report to his teacher what he sees and 
hears, coming to him for explanation ; and that, as the teacher re- 
ports to the manj^r, the works will ha\ejust that many more over- 
seers. The workmen will realize this, and ■^o fewer departures from 
the desired practice will occur. The teacher will fully understand 
the policy of the management. He will, so far as necessary, explain 
this to his pupils, as well as the details of the works. While work- 
ing with the men, students will observe all that occurs, and will ask 
and answer questions, and, while they act as a kind of moral check 
on the men, the men will be induced to think, and as soon as a man 
gets to thinking he is started in the right direction. Then, on the 
other hand, while the student is learning how to use his own hands, 
he also learns how much one pair of hands can do, thus laying one 
of the strongest foundations of success as a manager, viz., an accu- 
rate knowledge of how much to expect from labor; and his own 
physical man will be develoj)ed far better than by boating or other 
such exercises. 

If this practical study is left, until after the young man finishes 
his technical course, the danger is that neither he nor his parents 
will be willing in most cases that further time shall be spent on his 
education. The feeling will be, "Oh, the practice will come," So 
it will, but at whose expense? And it will not come in time to guide 
his theoretical studies. 

No manufacturing process has made such wonderful progress as 
the Bessemer, and its gigantic strides in this country have come from 
breaking loose from old practices. This result has been to a large 
extent brought about by introducing educated men into the works, 
thereby creating an atmosphere of progress, a willingness and ability 
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to get out of the olci ruts. They are men who possess, beside a gen- 
eral knowledge of metallurgy, a thorough knowledge of the special 
branch ; and they also have around them intelligent workmen. 

I will cite the case of one Bessemer works, the one that is now 
turning out the largest product in the world. Their manager is a 
graduate of the Rensselaer Polytechnic Institute. Before assnming 
any responsibilities after his graduation, he entered upon a regular 
routine of work of some years' duration at the Troy Steel "Works. 
After this experience he entered upon the management of the works 
with which he is now connected, and his career has been singularly 
successful. I doubt if this result would have been reached if he 
had taken a department even, of the management, immediately upon 
leaving the scientific scliool, as so many gi'aduates have attempted 
or desired to do. So, while preferring that the practical course should 
precede graduation, we iind good results from the other plan. As 
to the importance of both the practical and the theoretical education 
before the student ventures to practice, we all seem to agree. 

Prof. C. O. Thompson, Member of the, American InsUbde of 
Mining Engineers. 

Mr. President : I deem it a considerable privilege that the first 
time I have the honor of addressing the members of this Institute, 
the subject should be Education. For many years it has seemed to 
me that the futui-e of all the industrial arts is conditioned ujjon the 
careful and philosophical unfolding of a system of technical educa- 
tion. What little I may contribute to this discussion, which has been 
so ably maintained, shall be to this precise point. And perhaps it 
will be useful to relate as briefly as possible, the results of an eight 
years' experiment in technical education in the city of Worcester, 
Massachusetts. In this school the different ideas which have been 
broached during this meeting have been subjected to a practical test, 
and a recital of the results will accord with the spirit of this discus- 
It is somewhat natural that a school of technology should be es- 
tablished iji the county of Worcester. More than two hundred 
years ago the first school of this sort in England was founded by the 
Marquis of old Worcester. The population of its modern namesake 
is one-half of one per cent, of the population of the United States, 
while one per cent, of all inventions made in the United States is 
accredited to citizens of this county. 

It is an interesting fact also, that a citizen of Massachusetts, Dr. 
Bigelow, is entitled to the honor of introducing the word technology; 
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at least no earlier reference to its use is made in Worcester's Dio- 
tionary. Indeed the geographical position of Massachusetts, and her 
dependence upon the prosperity of her varied arts and industries, 
renders technology, in its broader and its narrower import, a subject 
of great iuterest to her citizens. 

Eight years ago I began to study this subject and to incorporate 
the results in an actual course of training for boys who are to be en- 
gineers. In organizing this school we had little light to steer by. 
All experiments hitherto made in this country, at least to combine 
majiual labor in any tbrm, have not been largely successful. Hence 
we have been compelled to move very slowly. 

The Free Institute was founded by John Boynton, of Terapleton, 
a tinsmith, who desired that apprentices in the mechanic arts should 
have a more intelligent preparation for their business. This en- 
dowment was largely increased by Stephen Salisbury, of Worcester, 
a Harvard alumnus, who desired that theory and practice should go 
hand in hand, and by Ichabod Washburn, founder of the Washburn 
and Moen Manufacturing Company, who merged io this scheme a 
cherished plan of his own for the education of mechanics' appren- 
tices. Citizens of Worcester contributed money for the buildings and 
the State made a grant of |50,000. The whole amount of the plant 
is 1600,000 ; the available annual income $25,000. The school is 
free to Worcester County, substantially so to the State of Massachu- 
setts, and open to all qualified applicants. 

The theory of the Institute is that boys who have the best train- 
ing afforded by our common schools may enter, not younger than 
sixteen, upon a course of study which shall give them a good educa- 
tion based upon the mathematics, modem languaife-), and physical 
sciences, and such a knowledge of some form of handicraft or indus- 
trial art as will enable them to earn a livelihood immediately after 
graduating. The conditions of admission are fixed hj the actual re- 
suits of common school instruction rather than upon what ought to 
be expected of it. For instance, we find few hoys who really under- 
stand algebra well enough to use it as an instrument of research. 
Many have been " through it," as the phrase is, but hesitate before 

such problems as, given — — -, required to show that a perfect di- 
o — o 

vision is possible, or given t =~~ , required to show the signifi- 

m — n 

cance of each possible value of t, and how its value is affected by 

changes in the other term. We find that the only sure and safe way 



,)gle 



TECHNICAL EDUCATION, 111 

is to teach algebra from the beginniug. A knowledge of arith- 
metic, geography, history, and English grammar we take for 
granted after examination. The course of study for all students 
then proceeds, for forty-two weeks in a year, for three years, in math- 
ematics, through geometry, general and descriptive geometry, and the 
calculus, and blends with the course in physics and elementary me- 
chanics, the careful reading of Eankine's Applied Mechanics. Syn- 
chronous with this is a course of free-hand drawing, mechanical draw- 
ing, physics and chemistry, and language — the English and either 
French or German. Lectures in geology are given, and the course 
in chemistry includes determinative mineralogy. So much is taught 
to every student in a three years' course. 

Now ten hours a week, and eight hours a day for the month of 
July, each student practices according as he is to be a mechanic, a 
civil engineer, a chemist, pr a designer in the workshop, the field, 
the laboratory or the drawing-room. But since the last named forms 
of practice do not differ essentially from the same work elsewhere, I 
will confine my remarks to the first. 

The Washburn machine shop, part of the Institute, is a thoroughly 
equipped manufacturing establishment. Boys who have had no me- 
chanical training enter it in February and spend most of their time 
there as apprentices till July, so that our mechanics' course is a half 
year longer than the othei-s, for absolute beginners. There are five 
principles embodied in this shop: 

1. ConstiiM^ion must vitalize and guide all IndmciitM in practical 
mechanism. If a boy turns a wooden rod it must form part of some 
structure, and if not found good enough, must be reproduced till it 
is good enough. Whenever two pieces of wood or of iron are joined, 
the resulting piece must he subjected to the absolute test of accuracy 
which is imposed by the highest standards of manufactures. In this 
particular our plan differs from that of the admirable schools at 
Moscow and St. Petersburg, where separate attention is paid to con- 
struction ; but for American boys I am sure there is good reason for 
us to adhere, for the present at least, to the synthetic method. I was 
unable to get access to these Russian schools in 1868, when examin- 
ing Eurojiean methods, and could take advantage of their interest- 
ing results only at the Vienna Exposition, Hence the methods are 
fairly and simultaneously under experiment. 

2. Practice must form a part of every week's work, in two periods 
of five hours each. 

3. Students must be taught by the most expert mechanics, and 
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use the best possible tools and machinery. Nothing is too good for 
a boy. 

4. Students must not expect nor receive any immediate pecuniary 
return for their work. It is impossible that the best men shall be 
employed as instructors, the best machinerj' made and used, all sub- 
jected to business conditions, and a large number of apprentices 
taught in small divisions, with any other return to the student than 
the advantage of learning, 

5. Since instruction and not construction is the main motive, each 
student is advanced in the grade and quality of his work as fast as 
his attainment permits. 

The shop is thoroughly equipped with tools and machinery for 
working wood and iron. The apprentices, that is, those who enter 
in February, work wholly in the wood-room during shop hours, 
and have training in drawing ten hours.a week. From the begin- 
ning of the junior year the students practice in the iron-room, learn 
the management of the engine, and make working drawings of ma- 
chines for use in the shop. We often receive at the beginning of 
junior years young men who have already worked in a machine- 
shop one, two, and even six years. These students are always nu- 
merous enough to enable us to compare the relative advantage to a 
student of preliminary shop practice. 

The shop is under the direction of a superintendent, a graduate of 
theChandlerschool, with six years ofshop practice behind it, and two 
foremen, one in wood work and one in iron. The force of journey- 
men varies from six to twenty according to the condition of busi- 
ness. Certain standard machinists' tools are manufactured, viz.; 
An engine lathe (described by Prof. Thurston in Johnson's Oych- 
^edia, vol. 2, Art. Lathe), a speed lathe and an emery grinder. We 
also make a draughtsman's stand and sets of models used in teach- 
ing drawing. These we have brought here to the Exhibition and 
offer for examination in Machinery Hall, in order that you may see 
that this Institute is not a school with a shop attachment. We 
wish to find out in this most desirable and satisfying way, whether we 
are really giving our students the best models of workmanship, and 
illustrating the best American practice. I may also say here that 
the whole scheme and plan of the Free Institute are on exhibition 
in* the east gallery of the Main Building, and the valuable examina- 
tion and criticism of the members of these Institutes of Engineers 
are much desired. 

To return a moment to the shop. It must be stated that in addi- 
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tioQ to its standard manufactures, contract work is done, such as the 
erection of hydraulic elevators, etc., with the intent to give increased 
variety to the work. Some of the more palpable difBculties in the 
business management of the shop are met by considering that the 
whole plant is a gift and free from taxation; that the early work of 
beginners does not involve a great waste of stodt, and that, al- 
though students enjoy the advantage of doing all kinds of work 
whicli are done in the shop, wliatever is actually sold must satisfy a 
rigid standard of excellence. I suppose we sell about $18,000 worth 
annually. The profit on these sales together with the income of 
the shop endowment fund of |50,000, enables us to meet all ex- 
penses. Or, if the total annual expenditure in the shop he divided 
by the number of students who work in it, the per capita is about 
$120 a year. 

Now, I hope I have sufficiently emphasized the point that every- 
thing a boy makes in our shop is done with reference to some use. 
He does not make joints merely as such, or file away a piece of iron 
merely to learn the use of the file. He learns to make neat joints, 
but they are parts of a box or of a model. He learns to file, but the 
piece he files must fit into its place in the machine. So wc try to 
make construction direct, and to temper and strengthen instruction. 
There is a certain proper and logical order of parts in the training 
of a mechanic, and this is not lost sight of. In short, the graduate 
of our school, with the practice I have outlined, we believe to be 
able to hold his own in open competition with the apprentice who 
has worked, under ordinary circumstances of apprenticeships, three 
full years ; experience so far conlirms this view. Here, as always 
when speaking of results, I desire to speak with great diffidence. 
The results are those of six classes and eight years. They are alluded 
to as grounds of our willingness to proceed with further experiments 
in the same direction. 

Mr, President, I have gone on in this rambling way talking of 
our work, and I fear the story is wearisome. [Cries of, " Go on."] It 
seems to me that there are three elements in all sound technological 
training, — handicraft, technical training, and culture. There has 
been a surprising and gratifying unanimity of opinion on this point 
among the gentlemen who have spoken. The only question is how 
these elements shall be combined. 

What is the object of technological schools? It is to produce the 
best possible raw material for skilled workmen. No school can 
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impart the skill and good judgment which come alone from experi- 
ence, and without which no man. is a competent engineer. 

Another question with wliich a school haa little to do is whctlier 
a youth shall be a superintendent or not. I talte it that the Al- 
mighty makes superintendents. The precise kind of talent which 
enter into their characters is strictly an endowment. 

In this discussion some have held that the order should be handi- 
craft, technics, culture; others culture, technics, handicraft; and 
others would arrange in other ways. But there is one objection to 
all these sandwiching methods. Practically we cannot hold our 
young men in training till twenty-five. They will go at twenty-one 
or twenty-two. The period of sharp acquisitiveness, the most precious 
part of school life, lies between sixteen and twenty-one. Now, which- 
ever part of a boy's triune discipline for an engineering life is allowed 
to usurp that period to the exclusion of the others, that wilt be the 
dominant force in his after-life. If culture, then practice will suffer ; 
if practice, culture will suffer. Either part will be, as it were, 
attached to, or subordinated to, the one which "rules the favoi-ed 
hour," Hence it seems to me that all possible culture should be 
secured before a student begins his technological course, and that it 
should be looked to ever after. It must not be forgotten tliat cul- 
ture is a result, or rather a growth. All we can do is to prepare the 
soil. The plant will assuredly grow. Perhaps, too, the best and 
only useful culture is to be looked for in the life for which any 
school training prepares a man ; for I take it, we are not now speak- 
ing merely of the cultivation of the sesthetic part of man, but of that 
discipline of the judgment, awakening of the imagination, sliarpen- 
ing of perception, repression of conceit, and elevation of motive, 
which constitute a serviceable and efficient man of refined taste and 
unquestionable mtegiity and courage 

Let us spcuie as large a foundation a« possible in general knowl- 
edge befoie the b^inning of the technical cmrse, and not lose sight 
of the bearing and relations of all knowledge duung this course. 
But let us hknd technics and handitraft m the technological course. 
The drift of this discussion has been unmistakably towards the 
affirmation thit the t«hnol(^[st ot the future i* to be the eilucated 
workmin. It is to the man whose own hand', can execute, if need 
be, the behests of his biam, that the gieat engineering works of the 
future aie to be mttusted Engineering, so happily defined by the 
rctiriuK President as " the aits of production and i^nstuiction," in- 
cluding mithmiLil, cimI, mining, tnd chfimcal branches, more and 
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more condenses into mechanics. Indeed, all branches of engineering 
seem to react upon mechanics, forming compounds like different acids 
upon a common base. We are coming to think that, if a man is to 
be a civil engineer, he had better begin by being a mechanic. If he 
is to be a mining engineer, he had better begin by being a mechanic. 
If he is to be a chemical engineer, he had better begin by being a 
mechanic. This is trne, at least, of all study of applied science. 

Now, as to the amount of preliminary culture, it is desirable that 
at least what is included in fitting for college should be secured. I 
do not think graduates of college in general will be drawn to tech- 
nical pnrsnits. The whole drift of the college is averse to them. 
Few boys are so powerfully polarized as the sons of the honored 
member who spoke last evening. What might be very easy for Mr. 
Sellers would be very difficult for a father in other walks. In short, 
it seems to be the best available method for the average boy to fit 
him for college, then send him through a technical course in which 
handicraft shall find a place; then let him enter some mauufacturing 
or engineering works, and see what it all means. 

There are a few other points in tlie course at Worcester which I 
will mention, as throwing light upon some parts of this discussion. 
Whoever takes pains to read the examination papers, and consult 
the returns on them in the Exhibition, will see that the standard of 
scholarship is not suffered to fall. It is no part of our plan that the 
workshop instruction shall invade the province of intellectual prep- 
aration for an active life. If our graduates suffer in consequence 
of any lack in the essentials of an engineer's training, the fact has 
not come to our knowledge. The exhibit in the east gallery is 
designed to show that the Institute is not a shop with a school 
attachment. 

The graduate receives the degree of Bachelor of Science in course. 
This is a short way of saying that he has had a mark of at least 
60 at each semi-annual examination, and has completed the course. 
Then we offer a degree which shall recognize professional success, to 
every graduate who in actual life achieves that success. 

By the blending of school and handicraft we secure an equality 
of social regard, which is a matter of great importance. There is 
no chance for the scholar to discriminate against the worJiman, nor 
for the reverse. There has never been any caste feeling in the 
Institute. 

The only electives arc courses rather than studies. A boy may 
elect his course, but cannot elect his studies. We deem it to be 
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wholly for the youth's advantage that men who have experience an<3 
knowledge should devise the means and method of his training, 
rather than these should be remanded to his own unenlightened 
tastes. 

"What the graduates have done will he seen by examining the 
eatal<^ue. Some teach, some become draughtsmen ; many become 
journeymen. The chief peril they encountJir lies in the temptation 
to devote themselves to earning the immediate dollar rather than the 
remoter fortune. Many a good nian has been drawn into the office as 
a draughtsman, from the bench, where a true conception of his own 
highest interest would have kept him. But all these difRcuIties time 
will remove. Success somewhere ought to be assured to graduates 
in the act of graduation, provided always success is sought with 
clean hands and a pure heai-t ; but success in becoming superinten- 
dents and foremen cannot be insured. Many a youth errs greatly 
in fixing his eyes upon this as the only success, forgetting that It is 
not what a man does, but how he does his work, that is the erux of a 
successful life. 

It seems to me that this question of technical education is of suffi- 
ciently serious import to warrant the attention given to it by this 
body of engineers. Educators will read and ponder your remarks 
and suggestions with extraordinary interest ; one of them, at least, 
with gratitude, for it is a matter of no ordinary moment to take into 
one's hands an intelligent, enthusiastic youth, and to so direct as to 
practically control his future. 

The Chairman : We have but a little time before we must ad- 
journ, and you will regret with me that the discussion which has 
become more and more interesting, will have to close so soon. 

Out of a number of gentlemen who agreed to take part in our pro- 
ceedings, some were absent last night, or their names would have 
been called ; and some are still absent. Several have furnished in 
writing the remarks which they would have made, and I earnestly 
hope that those gentlemen who are obliged to leave to-day, before 
they get opportunity to speak, will take the same course. It is the 
intention of the joint committee to publish these proceedings. 

Every gentleman who takes a part in this discussion will have the 
opportunity to revise his remarks before final publication. Those 
who for any reason do not speak, are requested to send to Mr, 
Holley, the secretary of the committee, their views written out for 
publication. 
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Mr. p. H. Dudlky, Member of the Inditute of Mining Engineers. 

Mr. Chairman : Having been asked to discuss this subject with 
reference to rtiilway engineering, I shall assume it to be granted that 
thorough technical culture and training are necessary in all depart- 
ments of this branch of industry, and I shall consider the question — 
how and when can such education be best imparted ? 

Technical education implies in its fullest sense a thorough knowl- 
edge of scientific principles, and their application in practice. In 
the question under consideration, by what is really a misunderstand- 
ing, we are apt to consider, especially in our youthful days, the two 
great means of education, viz., our schools and the railways them- 
selves, as having a repulsion instead of an attractive affinity, whereas, 
in fact, the practice of the railways is but the higher development of 
the school, — the utilization of the principles taught in the school ; so 
that the want of harmony between them is more imaginary than 
real. Railway work has such a broad and comprehensive meaning 
that it includes in its detail more or less of all the distinctive depart- 
ments of engineering ; also, general science, law, finance, and not 
least, a knowledge of the condition of the people. It is a recognized 
feet, that the men who have the best understanding of all these, and 
the nerve and ability to execute, are the mast successful railway 
managers. It is true that railway work is conducted under separate 
departments, yet the man in general control should have such a 
technical knowledge of the respective details that he can detect an 
error in administration, and give general directions for its correction, 
I need not tell you that this knowledge of details, and ability to 
execute, can only be acquired by practice ; it cannot possibly be ac- 
quired from theory alone. 

Our limited time of ten minutes will not permit us to go into the 
details of all the departments of railway work, yet from a few ex- 
planations it will lie readily seen that some branches of the necessary 
education can be more easily imparted in the school than others — 
from the fact that it is within their scope to combine the theory with 
the practice — such as chemical analysis, testing the strength of small 
materials, etc. But when we come to the erection of great structures, 
preparing the foundations, executing engineering works, and con- 
ducting their operations, we pass away beyond the scope and abih'ty 
of any school to furnish the means for such experience as the engi- 
neer must have. No matter how well he may be versed in theory, 
his faculties must be so well trained by the discipline of experience 
that in an emergency he can intelligently and calmly command him- 
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self and others. No matter how well the plans maybe prepared for 
a particular foundation, something often occurs entirely unexpected, 
requiring quick and decisive action, which Ls only possible to the 
practical man. It is in theory very simple to make a reconnais- 
sance for a railway, but it takes long practice and education of the 
eye to enable one to judge correctly of the many lines before him, 
retaining their features in his mind so that he can recall and pass 
them in review for comparison with other lines. 

In construction one can acquire in theory but a small part of 
the knowledge which is necessary for successful practice. Timber 
and other material is not usually found the same as described in 
books, yet the best effect must be produced which the circumstances 
allow. The faculties must be so educated by long familiarity that 
one can take in the situadon at once, and decide upon the fitness of 
his material by intuition as it were, and not be obliged to spend days 
to test every unimportant piece of his structure. 

In public works, the frequent want of honor, on the part of per- 
sons connected therewith, increases the difficulties of construction to 
an alarming extent, requiring much practical experience to judge of 
the quality of work and to oppose the guiles and flatteries of those 
who are interested therein. Questions are constantly arising which 
were not even treated in books — the solution of which not only in- 
volves principles of construction, but those of honor and reputation, 
requiring the engineer to act as an impartial judge between parties. 
Is it to be expected that men will be put in charge of such works 
without experience in such matters ? In railwaj- operations espe- 
cially, those who conduct them must have experience — must be so 
trained and disciplined in the very work they are doing that they are 
masters of the situation. Accidents from the elements and from 
human weakness, carelessness, ignorance, stubbornness, and malice 
are liable to occur at any moment. In view of all these constant 
dangers to life and property, railway managers feel their responsi- 
bility, and they do not call men to fill such places until they have 
been tried and tested, in the progressive school of experience and 
practice, and found not wanting. 

Besides knowing the principles from a study of theory, it is neces- 
sary to educate the faculties, so that impressions will be distinctly 
seen and properly comprehended. There must be such broadness of 
view that superficial conclusions may be avoided. One must have 
such training as will correct the ordinary aberrations of unskilled 
sight ; the touch must have its sensii)ilities increased, the ear must he 
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trained^in short, all the faculties must be on the alert to properly 
direct engineering work. This can only be acquired by practice 
aijd experience, the length of time depending upon the ability of the 
subject. 

It is a delusion to hold up to young men the idea that, as soon as 
they have completed their theoretical education, and become con- 
versant with the principles of science, they wifl be called to places 
of responsibility. Such men are only partially educated. 

On many railways they have a system of promotion, advancing 
men as they acquire experience to higher positions, but, in every in- 
stance, to manage departments with success, the man must have 
also the technical education, and if he has not acquired it in the 
humbler situation, the raiinaj c>nipinj \iillbe taxed to pay for it- 
Take the car builder, fot instance If he does not know how to 
construct his cars with the least amount of friction, the companies 
pay for his want of knowledge in the incteased cost of running his 
cars. If he incteases the de'^d weight unnece-^ariiy, the company 
pays for moving it, as well is the incieased cost of construction. 
Take the master mechanic If he has not brouE^ht his motive power 
up to its highest stindird, the company pays for the want of his 
education in the lUtieased cost of doing their business. If the civil 
engineer has not adopted the most judicious grades, and the shortest 
line, the eompanj pajsior his want ot education in the increased 
cost of operating their road. It does not matt«r what officer it may 
be, if be does not recognize and follow out correct principles, some 
one must pay for his want of education. Principles of science are 
not invented ; they exist in conformity with unchangeable laws, and 
are not subject to the dictation of any man, however high in author- 
ity. It is true that art has preceded science in all ca^ei, but ity de- 
velopment is in the ratio of the knowledge and application of scien- 
tific principles. 

It is less than half a century since our vast railway .syhtem was 
inaugurated, and from the constant improvements which are being 
daily made, no one presumes that it is near perfection, therefore we 
must not expect that the science lias been fully elucidated, and its 
principles pointed out. The art was practiced long before any 
systematic inquiry was made into principles. To determine these 
requires the collection of facts pertaining to all the operations of 
conducting railways, and arranging and tabulating the results. 
Now, while a vast amount of information can be obtained, much 
that is needed is not even kept by railway companies, and what is 
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kept is merely approximate, from which correct conclusions cannot 
be drawn. If railway companies, who have the facilities for col- 
lecting correct data, so as to profit in the greatest degree by their 
own experience, fail to do so, is it just to esj>ect that our schools, 
witliout facilities, can collect this data, and formulate the results for 
railway men ? One great reason why theories of railway operations 
oftentimes prove so futile, is, that the conclusions were formed sim- 
ply from a mass of error furnished by the railway men. Are the 
school men responsible for this? To educate men who are to con- 
trol railway affaire, it is clearly the province of the schools to fur- 
nish them such a training that they may know how to think upon 
a broad, theoretical basis. The schools must develop the powers of 
thought 80 that principles can be recognized, and a still. higher dis- 
cipline will show how to discover principles. It is clearly the prov- 
ince of the railways to teach adaptation and utilization. 

The same considerations are equally true in regard to the subordi- 
nate men who form a part, as it were, of our railways. It is only 
within a few years that any theoretical education was considered 
necessary for the ordinary railway man, but now that it is, employ^, 
encouraged to some extent, have formed organizations to assist them- 
selves in gaining the theoretical knowledge. Ea'ilway companies to 
some extent give premiums for the most efficient services, and find 
that such investments pay well. 

"We must not underrate the great and noble work our schools have 
accomplished in liberalizing thought and advancing civilization, and 
in thus indirectly promoting the development of engineering. It is 
only important for teachers and students to remember that the grad- 
uate is but half educated, and it is equally important for all the 
workers, however high or low their position, to remember that but 
half the elements of professional progress can be derived from un- 
aided practice. 

Prof, J. B. Davis, Junior of tlte American Soeieti/ of Civil En- 



Me. Chairman: It is with great diffidence that I rise Iiere, a 
mere boy, to speak to this audience. Those who have preceded me 
have anticipated already what I had intended to say. I must b^ 
leave to call your attention more to my manner of looking into the 
subject, than to anything new I may present that bears upon it. 

It seems to me that we labor under difficulties, in the matter of 
technical education, precisely similar to those that are of a fuuda- 
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mental character in education in tlie schools in general. We are in 
danger of doing, indeed, we have been doing, the same things that 
are and have ever been done by educators since schools were. There 
has been a world-wide attempt for centuries, to snbstitute the train- 
ing of tlie intellect for the complete training' of the whole individual. 
Let U9 for a moment consider how many there are of the millions 
that throng the earth, that, being called upon in the daily affairs of 
life to talce action upon any matter, will act from previous intellec- 
tual training. Certain it is that their training in this respect does 
assist many in forming their opinions or in conducting their opera- 
tions, but this is only an item in the great mass of activity. Con- 
sider the myriads of little deeds, if I may call them so, that go to fill 
up the sum of the work of each one of us, and to really make our 
lives what they are. Does intellectual training furnish the mam- 
spring of effort here? Certainly not. We do what seems to us to 
be best at the moment, according to the way in which we are aifected 
emotionally, and not intellectually. I think we may v.e\\ ask this 
broad question concerning all our usual schooling: I"? the most 
necessary part of onr education attended to? If we do not usually 
act from the motives furnished by our intellectual training, are we 
wise to devote our whole energies to the training of this kind, to the 
almost total neglect of that part of ourselves from which the real 
motives of action arise? There will be much said during this year 
of grand celebrations and general congratulations upon the com- 
pleteness, worth, and high character of our weil-nigh universal school 
system. I am one of those, too, who are ready to regard the results 
attained with great general satisfaction. There has been an immense 
and valuable work done, but it seems to me to be a matter of the 
greatest consequence and significance that so much has remained 
undone, even almost untouched. 

Now, as regards technical education, for I cannot dwell longer on 
the interesting considerations hint«d at above, we are doing in a meas- 
ure a similar misapplied and defective work. Each one here knows 
of many instances in which young men ostensibly prepared for some 
department of practical life in the schools have failed partly or en- 
tirely owing to improper training. Indeed, the genei'al expression 
of opinion here given has been one of distrust of a simply school- 
educated young engineer. Now what is the trouble, and wherein do 
we find the difficulty ? The trouble is in seeking to make one kind 
of training answer for another, or in exclusively training one set of 
faculties when another should be trained. The difficulty lies in copy- 
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ing too closely the theories and methods of the schools in general. 
It is a well-established fact, that a technically educated pei-son must 
possess judgment in the line of his work. This lias been repeated 
and reiterated here. Who supposes that he will possess that judg- 
ment if he never has a chance to exercise it? If I stand over my 
boys and tell them here, do this, or here, do that, they will never be 
judges of their work. They must be set by themselves to execute 
plans alone. Another attribute of a good engineer, if I may refer 
to him as one of the technical class, and oue which I have not 
heard as much as I wish about, is that of resources. He must be a 
man of resourees, of invention, of ready expedients. Can a man 
hardly be an engineer at all without this invention? Tliis thing has 
been incidentally referred to in many of the communications, but I 
wish to emphasize it. The engineer must be a man ready to act 
whenever he is called upon within his field, in all emergencies, and 
on all occasions. The young men are to fit themselves for emer- 
gencies, for ready, reliable act'on on short notice, or under difficult 
conditions. Wlio supposes for a moment that a man will possess 
resources without ever having faced a diflScuIty ? These two illus- 
trations indicate in a way, the nature of my theory of the training 
a technical man should have, which is this : Consider well what 
characteristics he should jiossess, and then seek to develop them in 
him if he has the basis. If not, tell him so, and not prepare him 
for tlie great disappointment of losing his years of study and work 
in a great failure. As to how this result is to be reached, I will say 
this : At tlie University of Michigan we have met the diificulties 
alluded to, that is, a disposition to follow old methods and theories 
of intellectual training. It was supposed that an engineer must 
be well developed intellectually in certain directions. Therefore 
certain studies of the older courses were retained and advanced, and 
others added to give him what was deemed a desirable power in 
these directions. Much was done of a p-actical kind, so called. 
For years they have been feeling their way along at this institution, 
seeking by thought and experiment what was best. And in my 
own experience I will say that I have been satisfied with the result 
of my teaching about in proportion as I was able to realize the con- 
ditions of actual practice in my instruction. Personally, I think 
the same is true of the whole work of the engineering department, 
except I will add that these conditions were supplemented by good 
class-room instruction in theory. And as to the manner of combining 
theory and practice, I have but this to say, although much has been 
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said upon this head; I think the more iutimately they are combined 
daily, tlie better. 

As to mathematics, which have been mentioned, we tliink, at this 
school, that there is such a thing as enough mathematics for civil 
engineering students. The conclusion has been reached that there is 
a point where the course in these studies should stop. Perhaps our 
conditions are somewhat different from those of the gentlemen who 
have preceded me. A certain amount of mathematics well mastered 
is what we desire, A limit has been reaehed with us for our un- 
dei^rad nates, 

I would like to say a few words about the study of drawing. In- 
struction in drawing should not be postiwned, as is frequently the 
case, till the student enters college. It sliould not begin in the high- 
school, nor even in the grammar-school, for this reason ; it is, crudely, 
to be sure, a more natural mode of expression than writing or even 
talking, yet this method is left to be taught long after these others 
have been acquired. But 1 shall be told that the others are absolutely 
necessary in the common affairs of life, and must be learuecl. True, 
yet how many educators have considered the relations and mutual 
helps which exist amongst the different methods? The absolute 
" bread and butter " importance of drawing is just being felt and re- 
alized. It is a matter of common occurrence to see two persons con- 
versing, and what one cannot make clear to the other by words he 
will seek to mark out, it may be with a stick in the dirt. How 
readily do we all seek this method of expression. Much more can 
be said about its natural relation to us. It certainly seems that the 
child should b^in drawing soon after learning to read easy words. 
The Kindergarteners begin it really before this. 

As to the young men having command of their knowledge, which 
the gentleman from Worcester referred to. When the engineering 
students reach their junior year with us, it happens that I teach 
some little things then calculated to open their eyes to the fact that 
there is quite a difference between learning a tiling well enough to 
make a recitation upon it, and mastering it so they can use it. Some- 
times it takes the third trial to get a good recitation at tliis point in 
their course, and they generally have quite an experience during 
those three days. The lessons are long and the parts so similar that 
memorizing is a hopeless task. They must master the work in order 
to recite. The test applied at this institution to find out whether a 
man knows a thing is, can he do it? So fer as possible this is 
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everywhere carried out. It is not enough that he can coiivei'se 
about it. Can he do it ? 

One word upon the item of integrity, and I am done. The only 
thing I will say is to relate a short anecdote, I once had an assist- 
ant whilst continuing some railroad work from previous surveys by 
another man. This assistant had been upon the work before I was, 
and had worked upon the preliminary lines. He was the leveller. 
I was locating over his preliminaries. As we worked along, a num- 
ber of errors were detected in onr levels. These kept accumulating. 
Upon investigation I found that this assistant, who was still run- 
ning the level, had made an error of twenty feet upon his previous 
work. This he had nicely distributed through his notes, so that it 
did not at once appear. This was fiir away in the woods of North- 
ern Michigan, where it was impossible to obtain a man tor this kind 
of work. The way we prevented him from doing more mischief 
was to set the rodman to watch him. Each kept a separate set of 
complete notes. They were not allowed to show their notes to each 
other till the day's work was done. Then they were obliged to go 
through them all in the evening, and compare them carefully. In 
this way we fixed our leveller so as to keep him honest till we ar- 
rived where we could get rid of him. I think I tried hard enough to 
teach that man the error of his ways. Some years after, I received 
a letter, to my entire surprise, from ray delinquent assistant. He 
was then a resident engineer in charge of 600 miles of line in Min- 
nesota, and he said, " I owe to you, Mr. Davis, my position, because 
you taught me by your severe treatment," in the ease referred to, 
"the value of integrity." lie further said, "After I left you I 
went West, and went into an engineer's office as a draughtsman at 
a dollar and a half a day, and in these few years I have come to 
be in cliarge of 600 miles of line." Let the story carry its own 
moral. 



Mb. Febdeeick J. Sladb, Member of the American Inditute of 
Mining ^Engineers. 

Mr. Chaieman : If it were certain that all the young men who 
enter our technical schools had the natural qualifications necessary 
to be engineers, then the problem, of what the course in such schools 
should consist, would be materially simplified. But when we re- 
member that it is impossible at the early age at which }'oung men 
enter on such a coui-se, to determine accurately the natural bent of 
their minds, the necessity of first imparting a liberal general educa- 
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tlon is apparent, so that those unfit for engineering pursuits may 
have other fields opened to their view, and may he drawn away from 
a profession for which they have no fitness. I therefore agree with 
the remarli that has already been made, that if it were necessary to 
choose between a strictly technical education and a more general 
course, the latter would be the more desirable. 

I believe further, that not only is it desirable ou account of the 
various types of mind to be found in a body of undeveloped young 
men, that education should be general rather than special, in order 
that none may be graduated without having received a traiuing 
which shall be of service in his particular case, but that even were 
the classes composed of none but those qualified to become engineers, 
it would be much better that the instruction should be confined 
mainly to the theoretical part of the profession, leaving the practical 
devils to be learned afterward, in that school of actual practice from 
which the engineer never graduates. I know that this would require 
some of our schools to give up some of the very things that they 
most pride themselves upon, yet I believe the effect in the end would 
be good. 

I think it has very genei'ally come within our experience, that 
those engineers who have received that very elaborate education in 
foreign schools, of which so ranch has been said, do not make the 
most rapid progress in the practice of their profession. The eflfeet 
of their study seems to have been to give them a disproportionate 
confidence in the sufficiency of the formula; and text-books of the 
school, to solve every problem that arises in practice, and the faculty 
of judgment so necessary as a cheek upon theoretical deductions be- 
comes dwarfed liy disuse. It sometimes seems even to be the case, 
that those who have received this training refuse to admit the neces- 
sity of correcting their theory by facts, and hence shut themselves 
out from the greatest of all schools. 

It has been remarked with force by Prof. Thompson, that the ac- 
quisitive powers act with greatest vigor before the age of twenty; 
and lie argues that on this account both theoretical and practical 
education should be crowded into this period. While it is no doubt 
true that the mind is at this ago better able to receive scientific edu- 
cation, and to be moulded by it to correct methods of thought, it 
may be doubted whether the ability to weigh the value of practical 
expedients is as much a characteristic of a young as of a more ex- 
perienced mind. It would, therefore, appear to be wiser that the 
period of life in which the mind is best adapted to receive that sci- 
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entific training which is to shape all its future action, should be de- 
voted to the study of science, rather than wasted in the vain attempt 
to acquire an incomplete and delusive acquaintance with pra^rtioe. 
One very important result of this would be, that the young graduate 
could not by any possibility imagine himself an engineer, and would 
thus be ready to commence at the bottom, and on a true foundation 
lay up in intelligence and order, that experience which is the capital 
of the engineer. 

It may be asked, why should not the teaching of practice wUk 
theory have the same effect in establishing a proper balance as when 
acquired subsequently ? To which it may perhaps be answered, that 
the conditions under which the practical matters are presented are 
in the two cases widely different. In the school they are presented 
as problems solved, in actual practice as problems to be solved ; and 
the fact of the solution being at hand in the former case gives a false 
idea of complete mastery of tlie profession, the precise reverse of that 
modesty which is forced upon one, in the latter case, by the uncer- 
tainty whether he shall be able at ail to reach a solution. 

As to the proposition that the student should in the midst of his 
theoretical course, take up the study of practice as presented in the 
workshop, I think it is a question whether the time so spent would 
not be spent wastefully. It is indeed highly desirable that the young 
man while pursuing scientific studies, should be sufficiently familiar 
with at least the surface facts of practice to give life and meaning 
to the abstract truths which he is studying. But this acquaintance 
he can aequire in those afternoon visits which every young man, 
having a taste for engineering, is sure to make to such works as are 
within his reach (and in these days there are a multitude in all 
places), while he could acquire but little more by a eon3ta,nt attend- 
ance in the shop, unless in adual employ and with a weight of respon- 
sibility resting upon him. It is only when the sweat comes out over 
a man in those emergencies, when he knows that something must be 
done, and done quickly, that he begins to lay up valuable experience. 

Now, it would be impracticable to provide such employment for 
students ; and I think it may also be said that in nine cases out of 
ten, where it could be provided, the young man would never return 
t-o school, because the ties that would bind him to his actual work 
would be too strong to be severed. 

In a word, then, let the schools give a liberal and scientific educa- 
tion ; let the student give concrete form to abstract principles as he 
may from visits to such works as are within reach, and bj the read- 
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ing of current engineering literature, and let tlio acquisition of prac- 
tical knowledge begin and go on without interruption after the school 
course has ended. 

Mr, Ashbel WEr-CH, Member of thi- American Soriffij of Civil 

Me. Chairman : I move that the Joint Committee be requested 
to take into consideration how to put a stop to the practice of the 
technical schools giving the young men who liave just graduated the 
title of civil engineers. 

lu the first part of my remarks last night I had this paragraph : 
" The young man that graduates from a technical school is no more 
a civil engineer than a young man who has never been at sea, but 
who has studied navigation at school, is a &ailor." The same thing 
has been better expressed by Mr. Coxe, that a graduate is excellent 
raw material to make an engineer of, but he is not au engineer. 
Now you confer this title when these young men graduate, and what 
is the result? Why, they think that they are engineers, and the 
consequence is that in nine cases out of ten they will never learn to 
be engineers. 

Another thing is, that to those that really are entitled to that 
name, the title of civil engineer itself becomes meaningless, from 
the fact that one of these boys that are called civil engineers is put 
upon a par with the man who has been in the profession thirty or 
forty years, and that title is of no use to him. Whether it is prac- 
ticable to stop it I do not know, but the sooner it is stopped the 
easier it is stopped. When we have gone on for four or five years in 
doing this thing, it is very difficult to stop it, more so than if it had 
only gone on four or five months. 

A Member of the American Society op Civil Engineers : 
I would second that motion. I come from an institution that does 
that thing, and I wish it could be abolished. 

The Chairman; The chair is in doubt as to the legitimacy of 
the motion. At present the chair decides that it is not in order. 
This meeting is a meeting held by the two societies jointly for a 
special purpose. In order to arrange for it, a joint committee 
has been appointed. The chair is of opinion that this meeting as 
such, cannot perpetuate that committee nor direct it to consider 
any subject. Each of the societies must act for itself on such a 
question, and, if a joint committee is advisable, then it must be 
created by the separate action of the two societies, each according to 
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its own rules. But this decision of the chair need not detract from 
the mocal effect of the excellent suggestion made in several speeches 
and by Mr. Welch, and by the seconder of his motion, in which I 
lieartily concur. I should be glad to see the granting of degrees 
restricted in accordance with the suggestion. Meanwiiile, unless 
some gentleman desires to appeal from the decision of the chair — a 
step which will be welcome, as relieving the chair from responsi- 
bility in the matter — this motion is ruled out of order. 

Gentlemen, in concluding this most interesting and timely debate, 
permit me to call your attention to what may be called its net re- 
sult. Several things seem to have been settled by it, besides the 
innumerable things which have been thrown out to stimulate further 
inquiry and debat*. 

We have settled upon the necessity of a wide education, if we wish 
to raise a high standard. We have settled upon the necessity of prae- 
tical training, somewhere in the outset of the work of the young en- 
gineer, Howshall we get both of these things? We have got to learn 
more than our fathers, and yet not live longer. As Prof. Thompson 
has forcibly shown, the period of study is limited by nature. The 
necessary time and efficiency is not going to be gained by tailing the 
old curriculum and shifting from one thing to another, by giving up 
the old-&shioned studies and putting in a little of the new-fashioned 
studies. Change in methods, not merely subjects of instruction, will 
help us much, I am satisiled that there is an immense amount of 
useless labor put upon boys, under the name of menial discipline. 
Take the study of Latin and Greek, tor instance. IVo-thirds of 
the time employed in getting tlie lesson every day is spent in the 
turning over of the leaves of a dictionary — mere mechanical exercise. 
Yet it is thought dishonorable to have a "pony," or translation, 
which is nothing in the world but a dictionary so arranged that you 
don't have to work your elbow to find words, that is all. The 
method of teaching modern languages is much better, and it ought 
to be applied to ancient languages. We must teacli them quicker 
or give them up. Similar reform can be carried even into exact 
science. Take, for instance, Professor Thompson's remarks in re- 
spect to algebra, which are exactly in point. 

Another matter of great importance has been suggested and uni- 
versally admitted, namely, the difficulty of knowing beforehand 
whether young men are fitted for what they are going into. Noth- 
ing is more difficult than this. Life is full of men who have mis- 
taken their vocations. One of the best things about a preliminary 
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course of practice for engineers would bo, I think, tliat men natu- 
rally unsnit«d for engineers would be sifted out before it became 
too late for tbem to change their plans and preparations for life. 

Now what is the testimony of this debate as to the actual result 
of the experiment of preliminary practical training, so far as it has 
anywhere been tried? 

When men like Professor Thurston and Professor Thompson, who 
have distinct plans, and are engaged in really scientific experiment- 
ing in the matter, come forward with their results, they are entitled 
to great respect. They tell us just what we want to know. Pro- 
fessor Thompson's testimony as to the relative progress of those who 
came to the Woreesler Free Institute afler an apprenticeship in ordi- 
nary shops, and those who came without any apprenticeship, and 
took the course in the workshop of the Institute, is, I venture to say, 
the hardest blow that Mr. Holley's plan has yet received from any 
objector. The opinion of other instructors on the same point would 
be valuable. But it is only fair to say that Mr. Holley looks to 
something more than an oMinary apprenticeship; and so the com- 
parison drawn from experience at Worcester is not wholly foir to 
him. It should also be remembered that the establishment of such 
training-shops as those at Worcester, and Hoboken, and Itha«a, and 
some other places, requires money endowments of no mean extent, 
while Mr, Holley's scheme can be tried, wJiere it is applicable at all, 
in commercial establishments already existing. 

The meeting was then adjourned sine die. 
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Thb following papers, intcndctl to form a part of this discussion, ware received 
before or during the meetings. They are appended in alphabetical order. 

Prof, Richarb Akeeman, of Sweden. 

In Sweden all education is free, all tbe teachers being paid by tbe 
government. Some of the tecbnical schools, however, were origi- 
nally fonnded by private meaas, in consequence of which their 
teachers get their pay partly from the government and partly from 
the income of private donations. According to the different degrees 
of kuowledge required for admission, the technological schools in 
Sweden are divided into three hinds. 

For admission to the schools of art, the lowest of the three, no 
more knowledge is wanted than what is acquired in the ordinary 
public schools. The most prominent of the above named, the School 
of Art in Stockholm, has about 1700 male and 800 female pupils. 

Between the schools of art and the Technological Institute in 
Stockholm, which is the highest technical school of Sweden, there 
is an intermediate kind of technical schools, which have more mod- 
erate terms of admission than those of the Technological Institute, 
but much higher than those of the schools of art. 

For admission to the Technological Institute, in which the School 
of Mines is incorporated, the amount of knowledge required is as 
follows: two grades of algebra, trigonometry, stereometry, geometry, 
and the elements of chemistry and physics. In general knowledge, 
the absolutely necessary requirements are very insignificant, as it is 
not important to have more than a passable knowledge of the history 
of Sweden, and except the Swedish, of one other living language, 
usually the German, Nowadays, however, by far the greatest part 
of the pupils have passed the high schools, and therefore have a 
thoroughly goo<l general knowledge. The number of pupils at the 
Technological Institute is about 270. Tbe course has been, and is 
still, three years, but last winter it was decided to make it four years, 
this to commence from the beginning of next year. 
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The last year of the course especially, has a practical tendency, the 
teaching being altogether in applying, and the reason for the above- 
named decision, to raalie the term hereafter four years long, is to be 
sought for in the circumstance that two years have been found in- 
sufficient for acquiring a thorough linowledge of mathematics and 
the natural sciences, which form the foundation of the technical edu- 
cation, and also proper skilfulness in drawing and constructions. 

When, as mentioned before, the teaching during the last year is 
exclusively in ap|.ilied sciences, the natural consequence is, that it 
must be essentially diverse, depending upon the branch of engi- 
neering the youths are going to embrace, viz., .civil, mechanical, 
architectural, mining and metallurgical, or chemistry. As, how- 
ever, different degrees of knowledge of the natural sciences are re- 
quired for different branches of engineering, the t-eaching, with due 
regard to this, is alike for all the pupils, only during the first year, 
and at the beginning of the second year, they must make up their 
minds to what branch they intend to devote themselves. 

The School of Mines is exclusively a school of applied science for 
those who desire to make mining or metallurgy their special study. 
The teaching in this school, therefore, corresponds with the last year 
in the Technological Institute, and the reojuirement for admission 
consists of that particular knowledge acquired by those who at the 
Technological Institute have devoted themselves to mining or metal- 
lurgical engineering. 

By far the greatest munber of ordinary pupils in the School of 
Mines have therefore finished their preliminary studies at the Tech- 
nological Institute, but those also who have passed through lower 
technical schools, and therefore have not taken such extensive pre- 
liminary studies, are allowed to enjoy the same teaching as extra 
pupils, though they are not allowed to pass any examination, and do 
not get any certificates. 

Besides the preliminary theoretical studies, it is stipulated as a 
condition for admi.ssion to the School of Mines, that the candidate 
for at least two months shall have lived at some mines and iron- 
works, and during this time shall have tried to the best of his ability 
to understand the different processes and work there going on. For 
this purpose the time from the end of the term at the Technological 
Institute (12th of June}, and the beginning at the School of Mines 
(8th of September), is used ; but nearly every year there are several 
pupils of the School of Mines, who, after they have finished their 
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terms at the Technological Institute, have taken during several fol- 
lowing years situations at mines and iron -works, and not until they 
have acrjuired practical experience in order to become more conver- 
sant with the theories of the different processes, do they go to the 
School of Mines. 

From the 8th of September to the 1st of May, the teaching in 
mining and metallurgy, chiefly that of iron, is going on without ia- 
terriiption, in Stockholm, and even the first practical knowledge in 
mine-surveying, is obtained in the rooms of the school itself; but 
on the I'st of May the pupils start travelling, and at first pass six 
weeks at some iron-works in company with and under the superin- 
tendence of their teachers. There they have to blow-in a blast- 
furnace only sixteen feet high, belonging to the school, without any 
help whatever from professional or other people. Then, they are 
called upon to produce different kinds of pig-iron suitable for differ- 
ent purposes, and they have to calculate themselves the proper mix- 
tures to obtain this result. 

Besides this short blast, which they manage altogether on their 
own account, they are obliged to wat<iU the working and manage- 
ment of the large blast-furnace belonging to the works very closely, 
as well as to take part of the manual labor at the ore-calcining kilns 
and the Ijancashire forge.s. 

Having finished these practical studies in blast-furnace working 
and the process of making malleable iron, they at once proceed to a 
mine, where they, under the supervision of another teacher, practice 
surveying, and study in a practical way the extraction of the ore 
and the general working of the mine. This is continued till the 
beginning of July, from which time the pupils, under the guaitlian- 
ship of their teachers in the respective branches, visit the most 
prominent and notable iron-works and mines of the country. These 
travels go on till the end of July, when the pupils have to write 
down an account of them, and the impressions received during this 
time. The nature of these accounts are taken very much into con- 
sideration by the teachers, in the determination of the certificates. 
The final examinations take place at the end of October. 

Mr. Chaeles MaciwnaLD, Memhef of the American Society of 
CKvU Engineers and of the American JnstUnte of Mining Engineers. 

A recent writer in the New Yorh Times, in speaking of education, 
has said : " Tew things have been made plainer within a few years 
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thaD the falsity of our system of education as generally followed, 
the chief defects just now being in method and disorimination." 

Judging from the tenor of the discussion of Mr. Holley's able 
paper, this view would seem to be very generally held by members 
of our own profession in regard to technical education , hence the 
elaborate comparisons of dilierent methods, old ind ntw 

There have been advocates of a purelj tliLoretical s>stem, by 
which general principles aie taught without the aid of piactical 
illustration. Then, again, it has been suggested that the methods 
of the workshop may with advantage be introduced into the scliool, 
and lastly, as Mr. Hollej indicites, there I'a the possibility of re- 
versing the last method, by briiia;ing the at-hool into the woikshop 

It does not seem to me that the inadequate results which are too 
often obtained from our technicai schools are due so much to the 
methods employed as to our own treatment of the individual with 
whom we have to do. 

Between the ages of ten and sixteen the mind is in a condition to 
receive impressions only ; it is, therefore, eminently proper that this 
period of life should be devoted to the acquirement of what is gen- 
erally understood as a common school education, in which I would 
substitute French and German for the dead languages, which have 
heretofore been so persistently and indiscriminately forced upon the 
pupil. At the age of sixteen the body is in much greater need of 
attention than the mind ; it may he said to be in a transition state, 
in which relaxation and change of scene are of the greatest impor- 
tance. The boy should be taken from school at this age, and allowed 
a vacation of from six to twelve months, during which time he 
should be permitted to sec as much of the world as practicable, and 
should be given to understand that he has now arrived at that most 
important period of life when he mast select for himself an occupa- 
tion. At the end of his vacation, if his preferences are decidedly 
in favor of the engineering profession, he should be allowed a year's 
practical contact with that branch of it with which he proposes to 
connect himself. If he is of a mechanical turn of mind, it would 
not appear to be difficult to obtain a position for him, without pay, 
in some manufacturing establishment, where he would be daily 
brought in contact with the best that is being done, and with the 
men and methods by which it is accomplished ; he would begin to 
recognize the difficulties under which practical men labor, and at 
the same time he would see the necessity of a knowledge of practical 
methods, to the successful application of general principles. This 
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experience would undoubtedly inspire him with a desire to acquire 
a knowledge of sucli general principles, and would furnish the in- 
emtive to study, which is, after all, the one thing needful ; without 
this the best methods may too often be employed without imparting 
knowledge, while, on the other hand, if the student has been enabled 
to see the end from the beginning, he will absorb much that it is 
important for him to know, even under the most defective system. 
Great care should be taken in limiting the time spent in preliminary 
contact with practical life, lest the habit of study be impaired or 
the student shall have been impressed with a desire to accomplish 
results without a proper appreciation of the importance of scientific 
methods. I have mentioned a year as generally sufficient for this 
introductory work, at the end of which time the student, at the age 
of eighteen, will be in proper form to enter upon a four years' tecli- 
nical course in a purely theoretical school. This should bring him 
to the full stature of manhood, well equipped and eager to encounter 
the difBcuIt problems of an active professional life, and with a store 
of knowledge at his command, which will enable him to render a 
good account of the abilities with which he has been endowed. 

To conclude briefly, I would adopt the views expressed by Mr. 
Holley, in so far as they indicate the necessity of a short, practical 
experience, before technical training begins, but I believe this can 
best be accomplished by placing the student in a commercially suc- 
cessful raanufecturing establishment, or upon some scientifically con- 
ducted public work, without pay, and under the direction of the 
managers of the work solely. Contact with other students, or with 
expert school-men at this stage, would divert the mind from the 
main object, which is to acquire a correct idea of what is being ac- 
complished in practical life, and would not tend to develop the habit 
of self-reliance, or the improvement of the mind m the direction of 
its greatest capability. 

Mr. Isaac Newton, Member of the Institute of Mining Enyiuea-s. 

Sound acquirements in such thoroughly practical professions as 
those of civil, mechanical, or mining engineering, it seems to me, 
can only be attained by actual practice ; but, before the pupil can 
take part in real operations, or can even see them with any profit, it 
is essential that he should be thoroughly grounded in the ordinary 
academic studies ; but he should also have obtained such knowleilge 
of the profession he is preparing himself for, as can be acquiied by 
instruction in a technical school. A pupil at the b^inning of his 
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career, after leaving the teelinical school, finds out, as soon as he 
begins to face the realities of his profession, that, instead of having 
completed his professional education, he had only begun it. From 
what little I have seen of the course of technical students, I am dis- 
posed to think that the first two years or thereabouts, after graduation, 
will give the young man more accurate knowledge regai-ding his 
fitness for his work than can be got from the school itself 

It seems to, me that it would be a wise plan for our polytechnic 
schools to divide their degrees into two steps or stages; the first to 
l>e bestowed on the student on graduation, and the second after an 
examination, to be held after, say, the first two years of his course. 
During this period the candidate should keep a record of his technical 
reading, with his observations thereon, of the engineering operations 
he has witnessed, and of the work he has been engaged upon. The 
character of these records, and an examination based thereon, should 
be the ground of the award of his final or full degree. I feel con- 
vinced that if this plan, or one similar to it, conld he carried out, a 
few years would witness a marked improvement iu the rising gene- 
ration of our engineers, civil, mechanical, and mining. 

There is another matter, it strikes me, which ought to receive more 
attention than it does in the polytechnic schools. I mean the purely 
business training that is essential to financial success in all the pro- 
fessions under discussion; a knowledge of bookkeeping, and the 
methods of making up accounts, will give the engineer who has this 
knowledge a vast advantage over one who is deficient in this par- 
ticular, I have on more than one occasion seen young men about 
iron establishments and engineering workshops, whose sole technieal 
knowledge was acquired by their own unsupervised reading, and by 
watching what was going on about the works, promoted over the 
heads of those who had graduated from tec^hnical schools. The 
young graduate, full of enthusiasm for his profession, is too often 
prone to look with a sort of contempt on such acquirements, but he 
may rest assured that a &miliarity with business methods is a vital 
necessity for his permanent success. 

Let me call attention to one more point. All will admit the vast 
importance of accurate knowledge respecting the cost of produc- 
tion, and the comparative cost of various methods and processes; all 
will at the same time admit the difficulties of finding this out by 
watching the operations of various works. Pupils cannot he too 
strongly impressed with the importance of such knowledge, and 
they should be taught to carefully utilize every opportunity to get it. 
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Me. Charles B. Richaeds, Member of the American Society of 
Civil Engineers. 

What follows refers only to mceliaiiioal engineering, particularly 
to machine construction, in relation to which the subject under dis- 
cussion is of the greatest importance. 

The system in lai^e American shops (particularly in New Eng- 
land) of the subdivision of labor, and of employing one man on one 
kind of work only, is so prevalent, that good, practical, general me- 
chanics are not being produced. The system of employing appren- 
tices who shall learn general work in the machine shop is in disfavor, 
first, with the employer, because to carry it out fully does not cor- 
respond with the system of subdivision; second, with the employ^, 
because skill in one kind of work is soon acquired, and this done, 
he finds the tendency of the subdivision system is to keep him en- 
gaged on the one kind of work he has become skilful in. 

The places of foremen and directing mechanics who, from the gen- 
eral character of their training and practice under the old system, 
became fitted for their positions, cannot be filled from the ranks, in 
shops where the system of labor subdivision prevails. Good planer 
hands, or lathe workmen, or fitters, etc., are being trained from men 
who enter the shops at low wages, and devote an indefinite time to 
practice in a single process, in which their labor soon becomes remu- 
nerative, and to which it is therefore devoted exclusively. Hence, 
a general knowledge of processes is not acquired. Onr directing 
mechanics and engineers, who in former years, and almost up to the 
present time, were raised from the bench, mu.st hereafter be trained 
in the schools, and it is to be confessed that their education is a per- 
plexing problem. 

President Holley has, in my opinion, touched the keynote, in 
assuming that practical instruction should precede that of the scien- 
tific school, for an interest in the sciences, and facility in acquiring 
them, are developed as the application of the sciences to the arts be- 
comes apparent, and are increased in proportion as these relations are 
more evident. 

What the nature of the preliminary practical instruction should 
be, is the important question. It should be of a character to insure 
the greatest saving of time to the pupil in attaining the object of his 
aim. It should not extend over so much time that the pupil will 
be deterred from attempting the scientific school course. It should 
be strictly preparatory to the theoretical course. 

I do not think this preliminary study should consist of, or, in- 
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deed, should necessarily comprise practical work with tools in the 
shop, for so many arts are liero brought together, that almost the 
first question which arises is, whieh one of them shall be practiced ? 
Shall it (for example) l>e that of the pattern-maker, or of the mould- 
er, or of the machinist? It is evident that a general knowledge of 
all is essentia! to the engineer, and a certain amount of skill in all, 
perhaps not in one more than in another, would be desirable, but 
can the time be afforded for this? It is a question whether, in a 
course of preliminary study, opportunities for genera! observation, 
carefully directed, are not more useful than those for putting one's 
own hand to the plough. 

I believe the best training, preparatory to the theoretical course, 
can be obtaine<l by about two years of hard work in the general 
duties of the office of a directing engineer of works, who should 
direct the instruction, and should of course be a cultivated practi- 
tioner, who will look after the interests of his pupils. In such a 
position the student can be given the best of opportunities to study, 
at the drawing-table, the details of machines and of processes, the 
construction and carrying out of which he ought to have opportuni- 
ties of attending to carefully in the shop. The discipline of tSic oflice 
will be most useful to him. Drawing, one of the arts he is to prac- 
tice, will be acquired in a way which will serve to give a clear and 
practical aspect to subjects whose mathematical treatment he will 
encounter in his subsequent theoretical studies. The time necessary 
for acquiring some skill with the pencil and pen will be saved fi'ora 
the school course, and will also be well improved in the study of ap- 
proved examples of modern construction, rather than the models of 
obsolete practice which are found in many school cabinets. 

I believe it to be hardly practicable to organize a system of very 
profitable preliminary instruction, in which the practical working in 
the shop with tools is a feature, for even under a competent instruc- 
tor, most boys would need to practice elementary processes for an 
uuprofitably long time, in order to warrant their being permitted to 
attempt advanced work, when the risk of a costly failure from lack 
of skill is considered. It is probable that many manufacturers of 
machinery would regard the kind of training in shop manipulation 
which would be the most profitable to the student, with much the 
same kind of feeling that the enlightened patient would regard a 
course of aui^ical practice by prospective medical students. 

It is probable that a plan could be systematized for having pupils 
taken into the offices of engineers whose qualifications and positions 
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are favorable for the purpose. One argument in favor of this plan 
is, that if, after the school course is completed, the pupil should find 
time for a course of practice in manipulations, he will find himself 
much better filted to enter upon this with profit to himself and to 
the shop where he works, than he would have done when younger, 
and before his studies in the office had taught him where to dii'ect 
his attention and efforts ; and it is my opinion that, if he cannot 
affoi'd the time for this last course, he will be better off without it 
than he would have been if this had been substituted for the pre- 
liminary office course. 

Peof, R. H. Richaeds, Member of the American Institute of 
Mining Engineers. 

The two questions considered. I. Should a course of study in 
works precede, accompany, or follow that in the scientific school? 
II. Is it practicable to oi^anize practical schools in engineering 
works ? 

The office of instruction seems to be to train the individual to 
observe. Observers note only what are to them the salient points of 
a subject. The individual must therefore be given sufficient famil- 
iarity with a subject to know what are the salient points to experts, 
in order that he may take note of them. 

Practice before thewy. — A carpenter, of twenty-four years of age, 
who has done nothing but mark with a square, cut off, and drive 
nails for eight years, has a mind used to a very few simple opera- 
tions, and entirely unfit for gaining the greatest profit from the sci- 
entific school. He has a mind squared to a cei'tain base-line, and 
one which can be taught only by a method which starts and builds 
up with reference to that base-line. Practice at the first undoubt- 
edly brightens the mind, but when the novelty has entirely worn off, 
and nothing but routine work is done, the mind becomes dimmed 
more and more to other things and less receptive for the training of 
scientific schools. Men can be seen everywhere who, when once they 
have got into a narrow routine of work— and it requires only a short 
time to bring them there — are callous to all wider and larger views 
of their subject, and to whom the scientific-school training will have 
no interest or appeal, unless brought down to and built upon their 
own little rules of things. The order in which information may bo 
brought to practical usefulness seems to be, 1st, observe ; 2d, record 
intelligently; 3d, E^similate, digest, classify, compare; 4th, promul- 



>y Go Ogle 



TECHNICAL EDUCATION. 139 

gate the results or bring them to usefulness. The routine man can- 
not observe nor record. 

Thefft-y before practice. — The Bchool-raan, if properly taught, has 
learned the principles of observation and classification, but he Jacks 
the practice, or, in other words, he does not know what the salient 
points are which the expert should know, and his observation will 
therefore be excessively one-sided, the cause of most of the so-called 
difference between theory and practice. 

The school-man tries to *' square nature with the book," and fails 
because he has never had sufficient opportunity to test himself. He 
needs to learn that his own judgment is one of the elements to be 
observed, and that it must be placed in the balance along with the 
other facts obtained. This can only be done by testing himself, and 
trying himself side by side with people and things. The graduate 
of a scientific school, unless special pains has been taken to put 
him upon original work or upon work in which he must mind the 
helm himself, will have to start at the very beginning, in order to 
make himself a thoroughly practical leader. The school-man ^vhen 
he finally gets to work, will find that he does not know many things 
■which the books would have taught him if he had been awake to 
their meaning. This surely is not the most healthful order for gain- 
ing independence of thought. 

An alternative: An educated mind, serving in enghuering wm-k, 
and then in the scientific school. — This arrangement will undoubtedly 
give the best training of all. The mind is stimulated, rationalized, 
and widened by a liberal education, by a free contact with men of 
equal age, both superior and inferior in intellect. With such a prep- 
aration, the mere routine of engineering work will not absorb and 
obscure the mind ; it will simply be a groundwork upon which the 
causes and effects of things can be seen to act. The mind after such 
a practical training is in a thoroughly receptive condition for what 
the scientific school may have in store for it ; the views recorded in 
books are brought side by side with one's own, and intelligently 
compared with them. But while this order of things seems better 
fitted than any other, it has one difficulty, and that is, the expense 
and time required for it are more than can generally be afforded by 
our young men. The question at once comes before us then, should 
education be planned for the few or the majiy ? 

Synchrmwus arrangement of •praclioal avid theoretical work. — This 
seems to offer the most practical solution for the education of the 
majority. In this arrangement the mind is constantly stimulated in 
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itK theoretical study by the practical application of what is learned. 
This brings the mind and soul together, strengthened by each other 
for the one purpose of gaining independence. There may be, how- 
ever, a very considerable variation in the arrangement of a synchro- 
nous course, (a.) The practical side may be emphasized at the start, 
and the theoretical at the end of the course. (6.) The two may be 
evenly distributed, (c.) The theoretical side may be dwelt upon 
more fully at first, the practical side towards the end. My own view 
of the matter fevors this last arrangement. The student at first 
should be given enough practice to stimulate his mind and explain 
the uses of things ; but it is at the end of his course, when he is 
about to step away from his alma mater, that he needs to know him- 
self, and to have proved himself side by side with people and things ; 
it is toward the latter part of the course, therefore, that the practical 
part should be emphasized. 

Thus iar I have dwelt upon the first question, i. e., that of se- 
quence. The second question seems to me to be poisetl in this way : 
Are we to depend upon practical scientific schools, or upon educa- 
tional engineering works? 

In Europe the schools, mines, and works are more commonly under 
one control. Students can be more readily accommodate] with prac- 
tical advantage. In this country, however, the schools and works 
are carried on by diflrerent people ; besides, the works are under people 
who believe that they possess facts which are unknown to any one 
else. These facts they regard in a certain sense as their capital, I 
fear that the time will never come in the United States, when large 
corporations can be made to believe that it is for their own interests 
to educate men who will soon bo able to take charge of other simi- 
lar works. 

The introduction of practical work into the mining course, by the 
use of smelting and ore-dressing laboratories, at the Massachusetts 
Institute of Technology, has proved of the greatest benefit to the 
students. The work is upon a scale varying from one hundred 
pounds of ore to two or three tons, and gives a great deal of scope 
for testing the economy and efficiency both of the processes and of the 
individuals. As their laboratories have been developed from year 
to year, the students have steadily bettered their attainments. The 
work in these laboratories taken together witli annual visits to min- 
ing regions by the classes, and with careful studies of the mines and 
works, have thus far given results which are most satisfactory and 
encouraging. 
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Mr. J. DuTTON Steele, Member of the Ainencan Socieitj of Civil 
Engineers. 

The deficiency in our system of educating young men for the pur- 
siiita of an engineer are well known to those who have been Largely 
engaged in directing our public impravements; it is the development 
of the theoretical to the sacrifice of the practical. To some extent 
this is the case in all professions, but In that of the engineer the lines 
dividing the two are strongly marked, and the latter attains au im- 
portance which equals if it does not surpass the former. 

The first duties of a young man on leaving college are entirely prac- 
tical, and for such he has little or no preparation, and he soon dis- 
covers that he has to enter upon new fields of investigation in which 
he has to work haphazard and without the aid of text-books and 
teachers, where slow progress is made in tlie absence of strong me- 
chanical proclivity, or au acute sense of observation. It is not there- 
fore surprising that many, after speudnig the Itest part of their life for 
study, discover that they have mistaken their calling and give up 
the pursuit, whilst others, feeling that theie is a future before them 
in the vast fields of practical science, manfully stru^le with the ob- 
structions they so unexpectedly find in their way, and afier spending 
double the time in the school of practice, that they have already done 
in that of theory, find at length that they have become something 
more than " hewers of wood and drawers of water " to those who arc 
their inferiors in technical education. 

Practical knowledge is something more thin the educition »f the 
hand or the eye of the student to skilful manipulations, it v^ also a 
knowledge of the nature of things as they e\ist, it the imperfections 
rather than the perfections of the objects with which he his to deal, 
and although his education is an aid to him in his after pursuits, 
much that he has learned has to be stored away for a remote future, 
or is lost in the pressing needs of the prenent 

For a clearer view of this subject let us assume that theoretical 
education is a knowledge of the forces of nature, and that practical 
education is a knowledge of the repellent powers in nature to the ap- 
plication of these forces, and we will see that the latter includes a 
larger field of study than the former, and one that is more difficult 
to accomplish, as it has not, thus far, been the subject of classification 
or system, and is dependent upon the opportunities and powers of 
original observation. Bessemer's invention for producing steel I'ails 
was so simple that any novice in chemistry could understand it, yet 
he had to study the repellent forces to his process which existed in 
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understand easily the description of a lead mine ; if he has studied 
a hlast-fiirnace well, he will also understand the description of the 
puddling process, etc. 

I always advise the young men to take one branch, for instance 
puddling, quite earnestly. In working with their own hands, they 
not only learn, but appreciate, the powers of a laborer ; they know 
what they can demand from a man. I speak here from my own 
experience. After I finished the gymnasium, I went by the advice of 
our well-known Grernian nietalluvgist, Mr. Karsten, to a Silesian 
iron-mill, and learned to work a charcoal finery till I was quite 
master of this process. I found it afterwards very easy to manage 
and understand all other iron processes, and I appreciate and value 
to-day, in my present situation as consulting engineer to the Prus- 
sian government for its metallurgical works, the knowledge which 
1 got in those two years of pi-actical work. 

The mining academy takes three years. The question arises, is 
it good to mingle practice with the studies ? From my own expe- 
rience I must question that. The vacations may be well adapted to 
continue the practical work, or to make excursions, to travel, etc., 
but study and practical work together seem very irrational. 

After the stu<li^ at the mining academy are finished, the young 
man is generally twenty-five years old, and thinks now about se- 
curing for himself a situation, which will enable him to be married 
at thirty. He has now no more time in which to work as a work- 
man, lie now begins his career at a mine or a smelting-works ; 
at first working just according to his inclination for mechanical or 
chemical pursuits, either In a draughting office or in a laboratory, 
whence he makes his way as an engineer to the place for which his 
ingenuity and his assiduity may fit him. 

So the young man leaves the mining academy not as an engineer, 
but with all the foundation to become a good and useful engineer. 
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